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PREFACE 

This book is the outcomo of work carrifnl on under 
mj superintendence in some fifteen schools under 
the London School Board during the kst two and a 
half years, and is based on a scheme drawn up by 
Professor R E. Armstrong, PhJ)., in the 

Second Report of a Committee of the British Associa- 
tion “ Upon the Present Methods of Teaching Chem 
istry.” I am glad of the opportunity of acknow- 
ledging at the same time my indebtedness to Professor 
Arxnstrong for very many invaluable suggestions. 

The plan of the course is baiio«J on the assunip 
tion — with which most must agree — that the value 
to be assigned to science teaching in Elementary 
and Continuation Schools should depend, not so 
much on the immediate utility of the knowledge 
imparted to the scholars, as on its educational effect. 
It must be remembered that the aim at this stage 
should be to teach the youthful scholars the art of 
helping themselves — of thinking about what they 
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flee and do — and of working exactly and with an 
object. With thi« epecial end in view the metric 
flygtom wa« introduced into the first few jMiges of 
the l>ook, as being a simple means of indicating the 
metliods to 1)0 pursued in the investigation of any 
subject whatsoever, and further, of |>ointing out in 
wliat manner the |K)wer8 of observation and reason* 
ing may l)e most easily devclope<l. Objections have 
f>fteii Immmi raised on the score of the sj)ecial practiciil 
skill reipiired in carrying out such a scheme as is 
cmlsslied in this work, Init surely the time has passed 
for objections of thi.s kind to l»c of any weight. 
Science had much l»etter 1 k‘ left alone altogether 
than 1 m? taught unscicntitically. Much greater hann 
is sure to arise from its abuse than from its omission. 
Arc dniwing, car|)entry, washing, and cooking, etc., 
to Ik) taught by those who have liad no practical 
exjHsrience in such subjects? Such a ([ucstion needs 
no answer. With how much greater force does 
this reasoning apply to the teaching of science. 
Hitherto too much hits l»een leami from text-books, 
too little from j>ersonal cx|>ericnce. Science teach- 
ing, to be of any vahie, must be practical from the 
my rommenmant/. 

Is there, therefore, any remedy for the undoubted 
lack of practical knowledge on the part of* the 
teachers ? As teachers at present are obliged to 
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pay attention to so many difTeront subjects, it 
may well be asked, how are they to acquire pmc- 
tical skill and confidence in teaching any one of 
them ? The only answer that neeil be given to such 
a question is, that it has Injcn, and therefore can l>c, 
done. To teach science effectively, the tojichers must 
at times live, as it were, in an atmosphere of science ; 
they must meet together, not only to improve them 
solves in experimental work, but also to discuss 
methods and points of interest, and further, must lx> 
kept in touch with what is going on in the scientific 
world, especially with regard to educational (|uestions. 
This can most eivsily be done by the holding of 
classes in some central {K)8ition, and by the constant 
meeting at these classes of those who are engiiged in 
the work. I am firmly convincwl that it is to 
the teachers in the Elementary Schools, and not to 
specialists, that we must in the future look for the 
instruction of sj>ecial subjects, aluxiys provided ifutt 
their work in the schools Ih) thoroughly sufiervised 
by one who not only understands the subject and 
iU aim, but is at the same time in sympathy with 
them and their work. 

During nearly three years 1 have held classes for 
teachers taking this scheme in their schools, and in 
addition have constantly inspected— once a month 
at least — all such schools, asking questions, looking 
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at note-books, examining in practical work, inspecting 
apparatus, and giving help in difficulties, and have 
fonnd it jwssible in this way to correct mistakes and 
to sU>p the growth of tsid habits. The results so far 
liave more than fulfilled my expectations. 

The importance to lie attached at the present 
time to some rcfilly practical scheme of this kind 
autnoi he over-mtod, owing to the great development 
which has lately taken place in so-called Technical 
Insintction. Not one of the least difficulties to be 
mot with in the forwarding of Technical Education 
lies in the fact that at present so much has to be 
unlearnt before work of any real value can be 
commenced Had habits and careless reasoning soon 
liecome engrained, and are then with difficulty re- 
moved In the future the work must be judged by 
its quality and not by its quantity. Tbe efficiency of 
Technical Education must and always will depend to 
a my Uvryt eximt on the work done in the Elementary 
and Contiauatkm Schools^ and for this reason it is 
therefore of tbe utmost importance that the scienoe 
taught in all schools should indeed be sdena^ and not 
an agglomeration of facts and imscientific methoda» 

As to other objections which have been raised at 
various times on the score of special appUances^ eosl^ 
aenemniodation^ etc., experienoe aatisfiea me that 
there is no insuperaUe diifimilty in this direetioiL 
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In the first piace, the apparatus should not bo of an 
elaborate or expensive kind ; the simplest contrivances 
should 1)6 used, and originaiitj l)Oth of teacher and 
pupils developed by the coiistniction of their own 
appliances. The only really ex|x?nsive item is the 
balance, and this must be os not only does the 
whole work depend on it, but its j)ro|)er use in- 
culcates habits of the utmost ini|H)rUuicc — habits of 
accuracy and care which will in time l>o found to 
|)ervade the whole of the after work. The very fact 
that most of these delicate instruments in use in my 
classes are almost in as good a sUite of preservation 
as when supplied, s|ieaks much for the cfire Ukon of 
them by the users, and it should l>o rememlx^red tliat 
in many cases they have been used by over 150 lK)ys 
during the space of two and a half years. Only a 
small extra amount will have to Ik) sot a{)art for 
breakages, as most of these can l>o rophu^ed at a 
trifling cost As to room accommodation ; so fiir an 
ordinary class-room with a few tables — in nmuy 
instances only one — has been found amply suflicieiit, 
but it is to be hoped that, as the importance of the 
work is recognised, rooms with fittings of the 
very simplest description will bo specially set apart 
for practical work. 

I cannot conclude without referring to the import- 
atice of induding SOTie soch scheme cd practical lessons 
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in the work undertaken in the girls' schools. Who can 
walk through a kitchen or a laundry without being 
immediately struck with their close resemblance to 
an orditiary laboratory ? and surely those employed 
in them would Ikj much better fitted for carrying 
on such work as cooking and washing after having 
passed through a preliminary training in scientific 
method. The majority of the illustmtions in the 
liook were draw^n for me by Mr, John (loodfellow, to 
wrhom I am much indebted for the same. 
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INTRODUCTION 


In drawing up the following Bchomo of practical in« 
struction in science the aim has not been to ini{>art a 
knowledge of a large numlasr of more or less discon 
nocted facts, but rather to ti*ach the methods which 
should be used in ascertaining facts. Facts are at t his 
stage to Ik) valued on account of what they t^'ach or 
of wliat may Ikj learnt during their ucfjuisition. They 
are to l»e considered as vehicles for developing the 
|K>wer8 of oliservation, rejisoning, etc. Careful /uid 
personal observation should 1x3 followed by the de 
ductions w’hich can be drawn from such observatiems. 
For this purpose it is of first im|)orlance that the 
scholars should be Uught how to make exjxRriments 
themselves, and how to make use of any knowdixlge 
thus ac<|uired in attacking more difficult problems. 

The method of teaching should lie that of suggestion 
combined writh a minimum amount of demormt ration 
— that of asking questions, not of answering them. I n 
short, the pupil should be put in the way of question- 
ing Nature herself, and of understanding her answers. 

It is essential that their conclusions should at hrst 
be based only on those facts with which they have 
themselves been brought into personal contact At 
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a later |)crio<l the work of others will have to be 
studied, but there will then be a clearer and more 
jiiHt appreciation of it« value and tnistworthiness. 

l>ejMUidcncc <»n thcmftelves and confidence in their 
own work shouhl l>c stimulateil as much as possible 
by constant practice. 

Try for yourself^ aiTange an experiment to find 
«iut, should at first hit the one answer to all questions. 
More time will of course l)c required for such work, 
but who can doubt how infinitoly greater will be the 
educational value of sui'b a mode of procedure. 
Throughout life we are called on to help ourselves, 
and wdiy should not children Im! Bystoinatic4illy trained 
to help themselves in acquiring knowledge? 

(sreat stress thnmghoui has l>een laid on accuracy — 
a iM)int which hus hitherto liecn too much neglected, 
an<l which i’aniiot fail to save much time and trouble 
ill later work. 

In my own experience, during several years, I have 
boon much struck by the pleasure and satisfaction 
aroused in youthful scholars on obtaining consistent 
and accurate results — a characteristic which, together 
with that of originality, they appear to lose in after 
yeara The reason of this loss is not far to seek; 
what more direful induence could possibly be exercised 
on the develo(nnent of such powers than the constant 
appeal to memory and the consequent inattention to 
the development of other facultiesi For such reasons 
formultt a^ de£nitions should at firsts at all events, 
be eschewed as much as possible. 
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Ik carrying this scheme into practice, a lesson of aliout 
40 minutes should he given at least twice a week. 

A short demonstration and explanation of the 
Bubjectrmatter before each set of exorcises should l»e 
given, and the scholars then sot to work out practi* 
cally, and enter in their note-lxK)ks, the answeiti to 
the questions. It is hanlly to 1>c exiiected that in 
Klementaiy and Continuation Schools every jiupil 
will be able to do all the ex})oriments, but it has 
been found practicable for ike doss as a whole — exclu- 
sive of the teacher — to carry out the work required 
in answering the whole set of questions. 

The Experiments should be descrilMsd and answers 
to the questions should be entered in a note^book 
by evoiy scholar — as is explained in the footnote to 
page 9 — no matter whether the corresponding experi> 
ment has been done by himself or by others in the 
ciasa Too much stress cannot bo laid on the habit 
of recording all results in this way. 

The experiments should be made by Uie scholars 
in tom. The most omvenient way is to take them 
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scliools which have sufficient aj)|mratua ami a 
nrtmi set apirt for science teaching, the pnictical 
work shoulti be carried out by e;uh lH>y individually. 
For fkdiolars in |K)lytechnics, etc., so much time will 
not have to tlcvoicd to l*art I., but still it is of 
s^inio imjwrtance that it should worked through 
iK'fon; commencing Part II., ivs the latter dci)ends to 
a great extent on the knowledge acquired and the 
methods used in Part I. 

In conclusion, great attention should be paid 
to the manner in which the experiments are con- 
ducted. Everything should 1)6 done as well as 
possible ; there shotild be no hurry or carelessness. 
The apparatus should be scrupulously clean ; any 
extra time sjwnt in this way is never misspent, and 
will in the long run save much time and dissatis- 
faction, and give rise to habite which will lje of the 
utmost use later on in life. 



TO EXAMINERS 

As onr> of tho chii'f points iti tho following schenio 
is tho praotioal work, it is oHscntial that the ex- 
amination 1 m* partly prat'tical. It luis I»eon found 
ronvenumt in examininj; lar^o class(*H of Iwtween 60 
and 70 to divide them into three ecpial sots and to 
examine thesi* 8(*jarately, giving 

a set (1) pnu’tical work ; 

„ (2) a pJijH'r tm theoretical work ; 

,, (*1) a eovi examination. 

In practi^‘al work two .neliolars may he sot to 
work tiigethfT, ami should at the aimpletion of the 
exiK*riment hand in a full description of whiit they 
have done, and the results they have amvcnl at. 

In giiuging the n^stdts much imiy Ihj learnt by 
gkneing thnmgh a few of the note liooks in which 
the work of the year has l>een recorded. Such a 
motle of proewhire is certain U» stimulate the intareat 
and pride of the scholar in bis own individual work. 
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MEASUREMENT 

Measurement of Lengrth 

S 1 The English System. — hoM-rilK' ;i ffH>tni]o. 

l!(‘n* in an<)th<M tuKt, on whiclj aro certain maikn 
nr divi.sintiH ; look at. it carefully ainl wee Ijow it in 
tlivi<leii. The two e«l;r<'H are <livi<lc<l <liHereritly. 
Have you ever met with any of the len^ithn before 1 
KxrKUIMKNT^ 1 . — Take y<air fcKitrnle, whic h yon 
know to l»e <livi»le«.l into inchcH, and jjlace it l>y the 


side of the new mler. What do yon notice ? One 
Cilge in tlivided into inches. Into how many |«irt« 
arc these divided ? Count — the inches are divid<*<) 

* TImj woni ex[}«nm«:iit ii* tlerivecl from the Latin erpnimentvnt, 
trial, 

£ 


B 
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each into 10 equal parts. Each part is therefore 
one*tenth of an inch, and may be written or 
1/10 inch ; the figure 1 being placed over the 10 to 
indioate that the inch is divided into 10 equal parts, 
and that one of these parts is taken. 

Look at your footrule again. Into how many 
equal parts are the inches on it divided? Into 
12 on one side and 16 on the other. How are 
these to be written f Surely in a similar manner, 
that is to say, in the former case each part should 
be written and in the latter ^[V 

so on. 

§ 2. The Deoimed System.— One inch, one 
orange, or any one object, may be written 
follows — 

One inch or 1 inch 

One orange or 1 orange. 

But here is a length somewhat longer than an inch, 
say one inch and one of the parts marked on the 
moaBure on which the inclicB are divided into tenths. 

How is this to la* written 1 liy, as follows — 

1 inch and I tenth part. 

Expkrimknt — Make various measurements and 
put them down in this way — 

Incb^ Tenth PirU. 


Length of copy book -.81 
Breadth „ .64 

Another length .37 

Add these together — ^tbey become 17 
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Bat 12 tentli porto are 1 inch and 2 tenth 
parte, the result is therefore IS inches and 2 tenth 
parts. 

But this is not a simple way. Suppose wo shorten 
it by placing some mark to divide the inches from 
the tenth parts. Let us use a stop or dot, and 
write thus- 

l i inch instead of 1 inch and I tenth part 

8i inches „ 8 inches „ 1 „ ])art 

C -l „ .. C „ ,, 4 „ fiarts 

3 7 ,, ,, 3 I, 4 ,, ])arts 

When therefore a i>oint is placet! in front of a 
numl>er it changes its value altogether. 

Thus— 

*1 inch docs not mean 1 inch, hut I part 
‘2 inches „ 2 inches, but 2 parts 

when 1 0 parts 1 inch. 

This is therefore a short way of expressing the foiTt 
that an inch has been dividetl into 10 otpiul parts, and 
that in one case 1 and in the other 2 parts have 
l)een taken. 

Here is another example. Add the following 
together — 

2*4 inches, or 2 in. and 4 tenth parts U} 


1*5 

„ „ 1 „ iin-l r> 

„ partH 

The result is 3*9 

„ „ 3 „ and 'J 

„ jiart*. 

Is this correct t 

Try for yourself as 

folIoWA, 


Experiment 3. — Draw a line 2*4 inches long 
and then continue it 1*5 inches, now measure the 
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whole line. How long is iti It is 3 inches and 
9 tenth parts, or sliortly 3*9. Work out other ex- 
amples. Work out also some exam}»les subtracting a 
part from the wh<»lc line. Thus take 4 inches from 
a lino 7‘G inches long — the result is 3*0 inches. 

7 0 

I'O or 4 inches and no ]>art8. 

30 

Try for yourself and iind out if this is the ease. 

It has b(‘en agret d to use this method for separat- 
ing the tenths from tlie whole.s, and it is called for this 
reason the Decimal System, from the Latin word 
ti'iith. 

5$ 3, The English Standard of Length. — How 
are ruler.s such as we have usod made ? How does the 
maker know what length to mark off 1 What is an 
incli I What is a font I etc. Are they always the 
samel How urt^ tin'}* found out, ami why are they 
used I t'onsider for a moment what would hapjHm 
if every out' had different measures, and that a foot 
was the length of a!iy one’s foot ; what confusion 
there wouhl he. No one wouKl know for cerUin the 
length of anything. To overcome this difficulty, and 
to prevent confusion iis to correct measurements, 
SUttnhinls of Leu*jth have Iven made. 

The Standard of Length in England is the 
distance U'twtHm two tine scratches on a certain bar 
of metal kept in the Houses of Parliament. This 
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dUtaiicc is called the Imperial Yard. A len^^th 
e<jtial to the standai'd ytinl ii» general ly if not always 


divided into 3r» i.s|\ml j»arts, which are ealle<l inches, 
13 of which make a foot. 

1 yard - 3 feet - 3t> inches. 

S 4. French Standard of Len^^th. - 'Flio French 
Stjindard is not the .same as tlic Knglish, and is 
divided ditlerently. 

It irs again tlie <li.stancc hetween twr» fine lin<'« on 
a metallic har, hut this distance is called the Metre. ‘ 
It is divided into 10, 10(.), I00<», etc., e«jual parts. 

A tenth part of a metre i?» called a decimetre 
or <lm. (from deom ~ 10;. 

A hundredth part of a metre is called a centimetre 
or cm. (from •'^ntam ~ 100). 

A thousandth part of a metre is called a millimetre 
or mm. (from millf' - lO(Ki). 

A decimetre l»eing a tenth of a metre is *l metre. 
Is it possible to use the same kind of notation to 
descrilHi a hundredth and also a thousandth jcart, 
namely, a centimetre and a millimetre? How is 
tliis to l>e done ? 

1 centimetre, or ji^th of a metre, cannot l>e 
written *1 metre, a« this indicates a decimetre, a 
* Frt>m the Gre«k wWms, % uiK^Burt. 
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centimetre )>eing a tenth part of this. The different 
fiarts might 1)0 placed in different columns, thus — 

Metres. Deciiiictres. Centimetres. IfillimetrM. 

( 1 ) 1 1 1 1 

(2) .3 5 4 2 

(3) 4 0 0 8 

(4) 3 1 0 C, etc. 

But 10 mm. make 1 cm., and must therefore Ijc placed 
in the centimetre column as 1 cm. Again, 10 cm. = 

1 dm., and must therefore he placed in the dm. 
column iw 1 dm., etc. Is it not possible to write the 
figures in a shortiT and simpler way ? 

flow many millimetres ai*e there in each of the 
above exam {ties 1 

Take (1). Here we have — 


1 metre 


1000 mm. 

1 dm. 


100 „ 

1 cm. 


10 „ 

1 mm. 


1 „ 

Total 


1111 mm. 


How can you express this in metres t Surely 
by dividing by a thousand, 1000 mm. l»eing 1 m. 
Now think how you multiply by 10, by 100, or by 
1000. Is it not by putting an ought at the end 
every time the number is multiplied by 10 ? 

Thus — 

2 X 10 s= 20 or 2*000 x 10 » 20*00 

2 X 100 r- 200 „ 2*000 X 100 = 200*0 

2 X 1000 « 2000 „ 2*000 x 1000 * 2000* 
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That IB to say, in multiplying by 10 the decimal 
point is moved one place to the right, by 100 two 
places, and by 1000 three places, and so on. Take 
a more ditHcult cose. 

2 il 1 X 1 0 - 2 r 1 1 or one place to the right 

and 2*111 X 100= 211*1 „ two places „ 

2*111 X 1000*2111* three „ 
and so on. 

ilow are you to divide by 10, 100, and 1000 on 
the some principle 1 Surely by reversing the operation, 
that is, by moving the decimal i)oint one place to the 
left 

Thus — 2000*-:- 10 -= 200*0 or onejdaceiothedeft 

2000 -^ 100 - 20*00 „ two places „ 
2000 -^1000 - 2*000 „ three „ 

lioes this method give correct results ? Ves. 

Again take 2 1 1 1 * and divide by 1 0, 1 00, and 
1000 thus — 

2111 *-- 10 - 211*1 
2111-t 100 - 21 n 

2111 -r 1000 - 2*111 

Now go back to your examples in millimetres. 
Here is 1 1 1 1 mm. 

Divide by 10 and they Womc cm., as 10 ram. ^ I cm. 
„ 100 „ „ dm. as 100 mm. - 1 dm, 

„ 1000 „ „ m. as 1000 mm. * 1 m. 

Here is the result — 

1111 mm. * 1 1 r 1 cm. 

„ * nil dm. 

Mil m. 
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Express the other examples in metres and parts 


thus — 



(-’) 

3542* mm. 

liccomes 3*542 m. 

(3) 

4008* mm. 

„ 4*008 m. 

(4) 

310r»* mm. 

3*100 m. 


Tint how arc you to divide say 1 * hy 1 000 ? 
Surely in the same way, hy moving the decimal point 
tliroe places to the hdt, tlms — 

1- ; 10 r. 1 

I- : loo -01 

I : 1000 - -001 

'rids lK‘ing the cruse 

I ni. 1- m. 

1 dm. or metre 10 ~ i „ 

1 cm. 100 -01 „ 

I mm. „ ^ 1000 ‘001 „ 

Express the following in metres and parts of a 
metre, and then mid them together. 

1 1 * mm. ~ Ollm. (3 places to left) 
145 cm. 1*450 (2 places to left) 

6*1 dm. CIO „ (1 place to left) 

Total ~ 2*071 111. 

Noto. — The divisions on the other edge of your 
measure are centimetres, and these, ;us you will notice, 
are divided into 1 0 i»arts ; each of these is therefore 
I centimetre or a millimetre. 

Experiment 4. — Mark out on the Black Board 
a line 100 centimetres in length, and then measure 
off on it a yard. 
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Is the metre longer or shorter than the yard f How 
many inches is it 1 

§5. It is of very great importanoe to learn 
to think in the metric system, that is to say, to 
Ije able to judge a length, say in c(*ntimetrcs, quite 
apart from any other system. You have always 
your measures before you; wv// //nvn. Here is a 
slate, how many centimetres long is it 1 (iiicss, then 
measure it. How long is 3 'our middle finger in centi 
metres ? guess again, and then measure it. 

Do not first guess the Icngtli in inches and then 
<*ulculate from that, but try to guess in centimetres. 

Spread out your hand uh far as pos.sible and 
measure in centimetres from tlie tip of your little 
finger to that of your thumb. This will give you a 
rough method of estimating short distances in centi 
metre.s. 


Exekcisk-s * 

1 . Describe your me;isure, its apj>earanco, and 
sUUe, if jK)»siblc, what wood it is made of, if hard 

^ Ea< li srli'jlitr shouM \h: with a r<*},y Utok, in which 

to enter the an.swcrn to cerry question. Th« nninUir of the qucMimri 
or exerciiie hh'^uld Ik* j*hi< c«l t»eh;ri‘ ea« h ;iij>!wcr, an*l in tin* turcounO* 
of work <lont' other fu'holur«t the name of th** rx}rt:nmentcr t^houM 
l>e in brackets. Thu answer nhouM t»* rccor-h'«i tus — 

Exr.j:* iM. 11 

Tti*' tt<’>irh* »*f th'- 'i CUi. rtltici*. 

Poplar 9'.'J7 gntinme-K ^ Hmith) 

Eliony ■- 2'93 „ 'M. Hrown), et«. 

The account )«^houl«i written in omh a way a<i to expri'M alt that 
Mwu done, showing that tlie ex]>«‘riti(«nU, etc., x/yrt carried out by 
or in the preaeoce of the writer. 
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or Hoft, the colour, and how it is divided. Make a 
sketch of it, giving also a section. In fact, describe 
it in such a way that any one could pick it out from 
a numlKjr of other measures. 

2. Draw a picture of a measure in your books 6 
inches long and 1 inch broad, having the upper edge 
divided into inches and tenths, the lower divided into 
centimetres and tenths, 

3. Place three dots, ABC, in your book. Measure 
their distance from one another in inches and parts of 
an inch (using the decimal system) and in centimetres 
and parts of a centimetre. 

I. AVhttt is the name of the standard of length 
in England and of that in France? I)c8cril)e the 
Standards themselves, and- make a drawing showing 
what they are like (refer to Fig.) In what way are 
these lengths generally divided ? 

5. Measure your height in centimetres and record 
it in your l>ook ; also the size of your head, first 
measuring it with a piece of string. Who has the 
largest hoa<l and who the smallest? 

G. How many 8U'|v» do you take walking across 
the playground ? What is the length of your step, 
and what is roughly the distance across the play- 
ground ? 

§ 0. Measurement of length and breadth or 
surfhoe. — A yane of glass is broken, bow is the 
glaaner to know the sixe of the glass he is to 
bring! 
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It is clear ho must bo told not only the length but 
also the breadth. 

How will you find out how much glass is re* 
quired I Make the following ex|)eriiuonts to jiscertain 
this. 

Experiment 5. — Draw on the l)onnl a w|uaro 1 
foot long by 1 foot broa<i ; this may Ikj called a m|uaro 
foot. Draw also squares 2 feet by 2 feet, ami 3 fo(*t 
by 3 feet. How many square feet will each of these 
contain 1 Try for yourself. Divide them as below. 



A B ^ C 

Fill. 3. 


Here B contains 4 square feet and C 9 square feet. 
They can be divided into rows as above. Now as 
there are two rows in B, and as each contains 2 square 
feet, there must be 4 S€|uare feet. In C there are 3 
fKjUaro feet in each row and 3 of these rows, therefore 
there must be 9 sc]uare feet It is easily seen that the 
length of the top gives the number of 8<|uare feet in a 
row, and the length of the side the numlier of rows. 
What do you conclude from this 1 Surely that the 
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tmnii>er of square inches, feet, etc., in a square or oblong 
can 1x5 found by multiplying the length by the breadth, 
or the numlxjr in a row by the number of rows. The 
nurnlxjrs so obtained give the surface or area in square 
inches, feet, etc. 

The arciis in the above cxnmjdes were therefore 4 
and 9 8<|uare feet respectively. How would you find 
out the number of {xuiny stamps in a sheet ? Surely 
in the same way, by counting the number in a row, 
and then the numl>er of rows. 


HXKUC1.SE.S 

7. Himw in your lx»oks ( 1 ) An inch square. 

(’J) A centimetre square. 

S. Draw stpiarcs of the following sizes : — 

(1) y V 3" ami divulo into square inches — how' 
many are there ? 

(-) I cm X I cm. ami divide into S(|uare cius. — 
how many are then* / 

9. Find out how many squaie feet the black Ixxird 
contains. 

10. What is the area of your schoolroom in 
squan* feet \ ^lake a diagram of your j»lay ground, 
marking out the lengths of the different sides. 

This might also U* map{Hxl out on squared pajxjr, 
the side of each square repix*sentiiig a yard, and the 
mptares Uierefoi'e Sipiaro yards. Ilow many square 
}*ards are there in the playground t 
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7. Measurement of bulk or volume. — I U r 


^ y’ y\ 




r 

/ 


/ 7 


U a box packed full of Hmall cuIm h, liow many (Ioch 
it bold 1 Eight 

The c^lgc of tiie Ih>x ih only twice that of the 
cube*, but it b<ilclH eight of them. What name is to 
l)e given to these cul>e», which arc an inch in cverj^ 
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direction ? Surely each may be calle<l a cubic inch of 
wood In the same way a cube 1 cm. in each direc- 
tion may be called a cubic centimetre. 

How can you find out the number of cubic inches 
or cubic centimetres in a given block of w^ood ? 

Here are tw'O cubes, the edge of one, B, is 2 
inches, w’hilo that of the other, A, is only 1 
inch. 



A B ^ CD 

Fio. f*. 


Build up with the inch cubes A, a cul)e B, the 
wlgc of which is 2 inchc.s. 

How many inch cuIh'S docs it take ? Eight. 

Break thi« cu1h» up into slices one inch thick, as 
(’ and 1 1. Each slice contains I cuIh's. 

How' are the imml>er of .slices to l)e found 1 By 
measuring the thickness. One inch thick giving one 
Hlice C, two two slices, C and I), and so on. 

How can the number of cubes in a slice be found 1 
Surely by first finding tbe area of the slice. Try 
this for yourself, ^^’hat do you conclude from this t 
Of course that the bulk or volume can be found by 
multiplying the length by the breadth and by the 
thickness. 
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Exercises 

11. Describe an inch cube, making a sketch of 
one. How many cubic centimetres does it contain t 
Measure and find out. 

12. How many cubic centimetres are contained 
in the largo cubes (the 4 cm. cubcH) Kuppliod f 
Measure and find out. 

13. A biscuit tin is 12 inches long by b inches 
broad and C inches deep inside. How many cubic 
inches of water will it hold? Htov many cubic 
centimetres 1 

§ 8. Measurement of weight. — You have 
already seen the necessity of having standards of 
length, and for the same reason you will undcrstaml 
why there must be stsuulards of weight. The most 
convenient is the French or metric system of 
weight, which i.s used hy men of science, and also in 
many countries hy all. 

§0. The English system of weights. — The 
standard of weight in England is 
made of a metal calleii platinum. 

It is cylindrical in fonn, alwut 1 .'Jo 
inch in height and 115 inch in 
diameter, and is kept with the 
standard of length. The wxdglit 
of this cylinder is called a pound. 

Smaller weights are ma<le by 
the subdivision of a weight equal 
to the pound. This is sometimes 



Fia. S. 
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cUvidcd into 12, Kometimcft into 16 ounces, etc. 
Kcfer to your aritlimctic. 

J 10. The French system of weights, — The 
French starting' point is calh‘(l a ^Tunmic (how it is 
ohtiiined will In* discovered later), hut l>€ing small, 
the Standanl which is kept is 1000 times as heavy. 
'Phe French in the suhdi vision of this weight again 
make use of the decimal .sy.^tem. 

The gramme or gnim is therefore divide<l into 
I<t parts, each called u <h*cigram («lg.) “ 0‘1 gram, 
lot* ,, centigram (eg.) O'Ol „ 

l(*(tO ,, milligram (tug.) - 0 001 

Thus the following weights ran he written — 

Kruiuo, >1.,; <v; !!>):. h),: gnmi'i. 

lo .“) I 6 ln,.%46 lt* :>40 

s 1 * 8,.4‘)r> s-noo, ou*. 

Uefer hack In tlie .suImU vision c*f length and com- 
lure the twi>. 

ADDITIONS OF INTEREST 

The following is an extract from St. Jujneis 
iuizftif, 1th April 1S02: 

TllK FAKLIAMENTAKY “STANDARDS” 

WHAT THKV AKE AND HoW THEY AKE TESTED 

An intert'sting ceremony took place on Saturday at 
the llotise of Commons, when an official examination 
was made of the copies of the im|>crial yard and 
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pound which are immured at the IlouaeA of Parlia- 
ment There were present the S|ic:iker, Colonel 
Carington (representing the Lord ChaniWrlain), Sir 
Michael Hicks-Beach (President of the Itmrd of 
Trade), several of the chief officers of the Houses 
of Parliament and Board of Tra<le, inchuling Mr. 
Chaney, the Sujierintendeiit of the Standards I)e|>art- 
ment, and Mr. H. \V. Chisholm, late Warden of the 
Standards, one of the two 8ur\'iviiig memhers of the 
late Standards Commission in whoso presence the 
last examination wm made in 187:.\ 

These Standards were originally immured in 187)3 
in a recess of the wall on the east sitlo of the liower 
Waiting Hall of the Houses of Parliament. In 1HG4 
it was found that the imperial sUn<lard |K>nnd, which 
was originally enclosed in a mahogany l)ox lined 
with leather fixed with glue, was fliscoloured by the 
decom|>oaition of the glues in that damp situation. 
It was consequently deeme<l expedient to examine 
the parliamentary copies, including the immured 
Standards. All were, liowevcr, found uninjured, and 
precautions were taken i^^ainst any such further 
occurrence. In 1870 some alterations wen? made in 
the Lower Waiting Hall, and the immured Standards, 
contained in a strong oak box, were temiK)rari]y 
removed to the Standards Office. They remained 
there until 187*J, when they were deposited in a 
recess on the right-hand side of the second landing 
of the public staircase leading from the Lower Wait- 
tug Hall up to the Commons Committee Rooms. 

C 
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On tho present occasion — twenty years having 
elapsed Hince their deposit — it w as deemed expedient 
by the Board of I'nide to examine the condition of 
these iminure<l Standards ; and this was accordingly 
done on Saturday morning. The stone covering the 
recess having l)een previou.sly removed, and the oak 
!»ox containing the Standards jdaced on a bench in 
front of it, and the President of the Hoard of Tratlc 
having explained tlie objects of the meeting, the box 
was ojMMjeil by Mr. Phaney and the standard yard 
removed to the bronze platform of a comparing 
ap|Kiratti8 provide*! with two micrometer microscopes, 
ami, having Iteen placed alongside of tlie Hoard of 
Trade parliamentar}' copy of the imperial standaid 
ynnl, was compare<l with it by Mr. Chaney. The 
comparing apparatiis had been .s|>ccially constructed 
for the pur[>o.se, in order to avoid the removal of the 
immured Standanl?* from the Houses of iVarliament. 
A 8]H‘cial balance had also been constructed and 
enclosed ii: a brass ca.se, to w hich tlie standard ]>ound 
Ni». 4 was removed for comparison ami com]mrod 
with the lUxird of Trade )nirliumentury coj)y of the 
imi>enal pound. Mr. C’haney then announced that 
he found that tiioro w’as no difference e<pial to the 
one^hundreil thousandth |iart of a!i inch between the 
standard yards or of onc-thoiisamith jmrt of a grain 
between the standard |H)unds, and that their condition 
was quite satisfactory. The immured »Standards 
w*ere then restored to the recess to l>e again closed 
up, and an official report of the process ordered to 
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l)e prejMired, with the view of ladug laid l»t»fon' 
Parliament The ceremony wius tliun brought to a 
close. 

The existing inijM'rial stamlanls of the yard anti 
the avoirdupois |K>und were c<»n.stntctetl in lSir», 
under the directions (»f the < ’oiniuission fur Kesto 
ration of the Standards, to repl.ice tln*so destroyed 
at the burning of the Houses of Parliament on the 
IGtb of Octoln-r The (’ommissioii wan 

appoint'd on the ‘JOth of dime 1^ Id ; Sir (t Ji. Airy, 
the late Astronomer Koy id, being chairman. d'he 
dinjct .su[H*rintendence of the construction ami veri 
ticution of the .standard of length was entrusted to 
Mr, liailey, ami after iii.s death to Mr. Sheepshanks ; 
that of the standard of weight to Professor W. H. 
Miller : all lieing iueiid»ers of the Commission ami 
of the lioyal Society- 

In addition to the new im|M rial standards of the 
yanl and ]>ound, four parliamentary copies of these 
stamlanls were constructed, to be available, in the 
event of the destruction or injury of the new im|H!ri;il 
stamlanls, for their restoration. The standard yards 
consist of a solid Hijuare bar of bron/c or gun meta! 
thirty-eight inches long and one inch w^uarc in tnwis 
verse section. The defining lines (d the yard are 
cut on a gold stud, ^*5 inch in diameter, inserted at 
the bottom of a cylindrical hole sunk to half the 
depth of the bar one inch from each cn<l of the bar. 

A number of ex|»criments were ina<le for 
determining the sort of metal to be usecl in con- 
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Stincting tie new standard yard. It had to be so 
durable as to lorm, as far as possible, an invariable 
measure, and consequently to be hard, so as to break 
without bending when external force was applied to 
it. The bronze alloy finally adopted, and known as 
Bailey^s metal, consists of copper 16 parts, tin 
parts, zinc 1 part The imperial standard yard No. 
1 has its true length at the temperature of 62 deg. 
Tahr. The four parliamentary copies and their 
standard temperature are as follows : — 

No. 2, at 61*94 deg., deposited at the Royal Mint 

No. 3, at 62 10 deg., deposited with the Royal 
Society. 

No. 4, at 61*98 dog., immured at the Houses of 
Parliament. 

No. r>, at 621 6 deg., deposited at the Royal 
Observat ory, (1 reen wich. 

The tHu'fliciont of ex|>an9ion of 36 inches of these 
bronze bars for 1 deg. Fahr. was determined to be 
0*000311 ifi. The immnreil standard yard was 
coiiscHpiontly only seven millionths of an inch longer 
tlian tlio ini]x?rial standanls, and the nearest to it 
of all the four parliamentary copies. These standard 
yanls wore cast in 1843 by Messrs. Tronghton and 
Simms. The irai>crial st.andard )"ard is enclosed in 
a fire-proof iron chest made by Messrs. Chubb and 
Co., and is dc|>osited, together with the imperial 
standard pound, in the strong room in the basement 
of the Standards Office. The parliamentary copies 
are placed in strong osk boxea 
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The new imperial standard pound avoirdupois 
and its parliamentary copies are constructed of 
platinum. They are cylindrical in form^ aWut I * 35 
in. in height and 1*15 in. in diameter, and are en- 
closed in a small 8ilver>gilt case inside a strong hroiixe 
box. There is a slight diffen*nce in their density, 
and their true weight is in a vacuum. 

No proWsion for the |>eriodical comi)iirison of 
these Standards with the ini[x*rial standanls and M*ith 
each other was made by the Standards Act of 1854 ; 
but the amending Standards Act f»f ISGG provided 
that such comparison of the parliamentary copies at 
the Mint, the K(»yal Society, and the Observttti>ry at 
Greenwich should l>e made every ten years. No such 
provision was, however, containcfl us to the Stauilards 
immured at the Houses of Parliament. 

Under the Weights and Measures Act, 1878, an 
additional copy both of the imperial standard yard 
and pound was constnicUnl for the use of the 
Standards Department, in order to avoid the use of 
the im])cnal standards in official conipari'^ons ; and 
they were deemed to lie additional parliamentary 
copies as csUbli.*>hed by the previous Act. I’liesc 
were the standanls used on this occasion for the 
comparison of the inimure^l }>arliamentary copies. 

Note , — What is the meaning of 02 deg. Fahr.t 
You do not know. Do not at present attempt to 
find out, but keep it in mind in the hofie that you 
may \ie able to explain it later. Surely these figures 
are recorded for some purpose. 
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g 11. The Scales' or Balance. — How would 
you 8urc that a gnKifr liad Kold you a j>ound 
of toat Sundy you wo\ihl weigh it in tho scales. 
Here is a much lH*tt4*r halante or scales than is 
commonly uKod. LrK>k at it carefully. It - consists 
of the Leam A, l», which can Iw^ rais<Ml or lowered 
hy the handle (’. This Ihmiu is .su|>|>orted in the 



middle on a sharp edge. At each end <»f the 
is hung a pan K, F., also resting on a sharp edge at 
A and H. There is also a small screw nut at 11, and 

’ Why tin vri* cjill t)u* with whu'h wc weijii'h 

jkt-tih'jif IxK»k m the dictionary. From what ii the wor\l dcrivts! ’f 
Much may Ixi Irarnt in this way. Uefer to a tiictionary in all 
cases of Uouht. and make a noU* in your look giving the reference. 
Such wonl» as oscillation, indei, etc., should all lo looke<l up in 
this way. Tlie ImfKrinl fHctumttty is included in most Pitblk 
Idhraries, and will to found very useful for such purjoses. 

* The balance ahould be set up before the class. 
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a pointer or index F, moving in front of a small 
scale (i. 

§ 12. In the cn-se of delicate scales, the following 
Method of Weighing should he used. The ohjrd 
to l>e weighed sk^mhi altntf/s //c plnral in flu I* ft hand 
pm and the vyvjhts^ in thr rujhf. Th«* l>o,v of weights 
should l>e placed on the right hand side of the 
balance for convenience. The weights must not Is* 
touched with the fingers, hut only with the/mrep, 
so as to keep them always <lrv and clean. JIhvi/s 
Icncrr the beam before adding or taki?ig fdf a weiglit. 

ExrF.llIMKNT r». — liaise the Inviin l»y tin* hamilo 
(', and notice if the inde.x moves over the wime 
uumlMT of di\ision.s <»r d»*grcc« on each side. If this 
is not the case move tin* screw nut hackwartls f»r for 
wanls till the oscillatiojis are (‘<jual, lotrrnni/ the henm 
eaeh time l^ef^re inoviug the nut. Now jdace in the left 
hand pan a 10 gram weight, and t)n-n Iwginning with 
the heaviest place* the oiIht weights in the right-hand 
pan in (uder, without missing any. 

After adding ca^di weight raise the Warn ami 
notice the index. When the index f^seillates the 
same numWr of degrees on each side of the scale, 
look at th«* weight in the right hand pan. How 
mucli is it? It is also 10 grams. Now phice in the 
pan, in addition to the 10 grams, the smallest weight 
(10 mg. or *01 gram). Does the index oscillate 
equally? No. Try other ex|>«rimcnts with 100 

* Thw l» done for coi»veni**nc«, moet of you will use your right 
H&nd to take up the wei^hu. 
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grama, etc . — tho same result is always obtained. Wliat 
do you conclude 1 Surely that when the index swinge 
on rack side of the scale the 'iceights in each pan 

It is therefore easy to ascertain the weight of any 
object by placing it in one pan and weights in 
the other — when the weights are equal the index will 
swing equally on both sides. 

§ 13. Important Note. — llie followdiig rules 
should always bo oljscrved in weighing. 

1. Place the small weights on a specially divided 
piece of pajxjr, or scratch divisions on the woodwork 
of the balance tiius — 


•1 1 

Ul -01 

2. Si'o that tho balance is swinging correctly 
lH>fore startine*. 

3. Place the object to 1 h> weighed in the left-hand 
l^an, and then starting with the largest weight you 
think necessary add in succession tho other weights 
without missing any, i^emoving those which are too 
heavy before adding the lighter ones, 

4. When tho weighing is finished, write down tho 
weights missing from tlieir plac^ and which ought 
tlierefore to be in the right-hand [>an. In replacing 
them note if your first reading is correct This 

' always be done. 
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Example . — The following weights were found to 
be missing from their places : — 

1000 

500 


10 

05 

•02 


lo-fi 7 grams. 

On re])lacing the weights the same re.sult wa 
obtained ; the above amount w'as therefore correct. 


Exekcisks 

14. Weigh each of the large cul>e« (4 cm. riilM?H) 
and each of the small cubes (2 cm. culx's) in French 
grams and parts of a gram. 

15. Tabulate the als>ve in the order of their 
weights. What ilo you notice ? Surely that ecpial 
sized cubes of different wowls have different weights. 

IG. Find out how many times heavier the different 
cubes of woods are than the cube of the lightest wrxKl 
of the same size. 

Example. 

Weight of small Ebony cuIm* - 9*37 0*37 

„ „ Poplar -- 2 93 a 

Therefore Ebony is 3*19 tiroes as hcary as 
Poplar. 
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The numbers so obtained can be called the Relative 
ireiijhts of the woods in comparison with that of 
Poplar. 

17. How niiuh larger arc the 4 cm. cubes than 
the 2 cm. cubt‘s ? Find out roughly by taking the 
w(‘ightH of the two cubes of the same wood and 
aHcertaining how many times heavier the one is than 
the other. 

IH. Find out how many gi*ains go to a gram, and 
the weiglit in grains of one fuince. 

14. Graphic Representation of the weights 
of the cubes. — Could you n-present the weights of 
the cuIk‘8 and therefm o of the diflerent wockIs in any 
other way than by numbers? Why not In' straight 
lines t The heavier cubes or woods by the longer 
straight lines. 1)(» this. 

Hrampli , — Take the small cubes, and represent 
1 gram by a line 1 cm. long. 

Therefore a. Ebony ~ 1* *17 gins, it i.s to Ikj represented 
by a line P37 cm. 

Therefore as Ik^xwoodr- rr33 gms. it is to be repre- 
sented by a line 0 ‘13 cm. 

Thert'fore as Pojilar “ 2 1*3 gms. it is to he repre- 
sented by a line 2 1*3 cm. 

Draw the linos, 

iV) the s;\me with the large cu1h* 8, only in this 
case 1 gram may Ikj represcntoil by 1 mm. or any 
convenient length : a note of this being maile at the 
side as in the former case. 
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(This should be shown to the r];iKs on a larger 
scale on the black )>oanl. ) 

,5 15. The Weight of Water. — We have alremly 
found out the weights of various wimhIs: let 
us now ascertain the weight of a definite 
voluino of wat(*r. Here is a ruhie eenli 
metre mejisure. Find out the weight of 
C4 cubic centimetres of water, that is. tlje 
w'cight of a cube (d water of the name 
size as tlie large cubes of wootl. 

Exi’KIUMKNT 7. Weigh a metliuni 
siztnl iK'uker with a lip. Measur*' out 
fit cc. of water in tlio mea.suritig gla.^.s 
and jM)ur it into the iMNiker, How nmeh 
does it w’eigh ? Nearly fi l grains. How 
much, therefore, would I ec. of water 
weigh ? AImmU 1 gmm. I.s this tiie 
case ? Empty the U'aker, and out 

50 grams of water and then nuM'-iure it. 

It measures nearly 50 ce. What do you 
conclude from this 1 That the gram in 
very nearly the weight of 1 cc. of water 

rwrtr»>l<A«*irr. 

ADDITIONS OP INTEREST 
THE MCTinc SYSTEM 

“The report to the French National 
proposing this was prcscnlod 1 7ih March 1791 
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meridinn measurements finished and adopted 22nd 
June 1790, an intermediate system of division and 
names May IHTJ, abolished and pure decimal 
system enforced Ist January 1840. Since then 
Netherlands, S|>fiin (187)0), Italy, Greece, Austria 
(legalised 187G), (Jcrrnany, Norway and Sweden 
(1878), SwilztMiainl, Portugal, Mexico, and other 
St4i(eH have adopte d this system. The use of it is 
|M^nnissive in Gromit P»ritiiin, India, Canada, etc. The 
theory of the system is that the metre is a 
10,000,0()Oth (J a (juadrant of the Eiirth through 
Paris ; the litre is a cuIkj of jV metre ; the gramme 
inoff idle tilled with water at 4 C.’' — AVy- 

JJnta n n itv . 


Exercisks 

1 0, Re[)resent graphic;dly the weights of the 
dillercnt cu1k»h. 

20. Also represent graphically the relatir^ \mghU 
of the above wishIs compared with lightest, that is, 
|>oplar. Thus, if l\)plar i.s represente<i by 1 dm.. 
Ebony should Ih' represtuited by a line 3 19 dm. long. 

21. Weigh 20 cc. and also 100 cc. of water. 
What is the result \ 

22. About how- much does 1 cc. of water weight 
Calculate from your last result. 

23. What is the size of the large cubes, and what 
is the weight of an equal volume of water! Try 
yourself. 
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THE LEVER 

§ 16. Experiments with a simple balance or 
lever. — You havo now Income accustonicil to tin* 
use of the balance. How w it that et|ual weights 
balance one another? Make koiuc cxjHMiinents your- 
self to find this out. Use a two-foot rule and balance 



it on a prism of wood, resting the middle of the niier 
on the edge of the jirism as shown in the illus- 
tration. 

Expkriment 8. — If it does not balance make it do 
80 by fastening a lcK)p of wire of tlie right weight 
on one end. You know that in yf»nr gowl balance 
10 grams arc balanced by 10 grams, jdace therefore 
10 grams on the left-hand end and then another 10 
grams on the right hand end. 

What do you notice 1 That these weights do not 
balance one another unfrAs they arc placc<l at the same 
distance from the middle of the ruler, or from the 
edge of the prism on which it is swinging. This 
edge is called the Fulcrum- Wiat do you conclude 1 
Sarely that equal weights only Vialance at ecjual dis- 
tances from tie fulcrum. Is this always the case 1 
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Try. The iilx)ve fact might suggest to you tlie prob- 
ability of unc(iual weights iKilancing one another 
if at (litVerent clisUinceH. Try this. 

ExrKKiMKNT 9. — Take a 10 gram and 20 gram 
weight, and put the 10 grams at 12 inches, then care- 
fully lulju.st the 20 grams so as to balance the 10. 
When it balances it, what is its distance from the 
fulcrum? r> inches, (»r 10 grams at 12 inches 
]>alances 20 grains at 0 inches. Try other experi- 
ments and put <lo\vn the results. 


iMstaticr, 

Wi'ight. nistamco. 

Tims — loo at J2 balanced 

200 ill i; 

r>0 „ 1 2 

20o „ etc. 

What do you conclude from this ? 

Thut the heavier 


weight has to placed nearer tin? fulcrum. But 
more than this, namely, that twice the weight lias 
to Iw at half the ilistance, four times the weight at 
a i|uarter the distance. 1'he distance is therefore 
inversely ns the weight, or the one weight multi- 
pliinl by its <iistiuice must Ik* equal to tljc other weight 
multiplied by its ilistance, if they are to balance 
one another. 

The numbers so obtained (weight x distance) are 
called the tiwmtnts. 

Thus the moments in the first ex|»eriment are 
lO X I2 ~ 1 20, and 20 x t» ~ 1 20, etc. 

Therefore when the niomeiiU arc equal the weights 
will balance one another. 
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Exercises 

24. Find out hy frjHnmrui with the iihovc lever 
what weights at the tlisLincvK 1, '2, 4, and :» inches 
will l>c required to hjilancc 10 grains at 10 inche.s. 

25. Calculate what weights would l>e i'equir«‘d 

(i.) at a distance (»f 1 cm. to halance s g. at S cm. 
(ii-) 0 cm. .. 1(1 g. ,, 21 cm. 

(iii.) .. 10 cm. 0 g. .. 0 cm. 

20. Draw a picture of the lever with which tlie 
lihoYG experiments were made. 

§ 17. Application of the al)ove conclusioni* 
to the Balance. — You have already di.scovered with 
your simple lever tliat the greater the ili.^lance a 
weight is from the fulcrum, the greater weight it will 
halanee on the opj>osite side or arm. If tin* lever in 
not projKirly balanced before starting, how could you 
bring thi.s alK>ut ? Surely by hanging a loop nf wire 
to one arm, and moving it back u aids or forwatfls 
until the lever assumes a h<»ri/.f»ntal pf»sitirm, 'JVy 
this. Have you not noiice<l tlie small nut at the end 
of the right-hand arm of the balance { May it not lie 
for the same jmrjrt.>se 1 Try some exjKjriinenU to see 
if this is the case. 

Exreiumk.nt 10. — ITrserew the nut on the balance 
till it is at the end of the screw, then raise the In^m. 
What is the result 1 Screw it in as far as it will go, 
what hap{>en8 in this case) In the lirst exfieriment 
the right-hand |»an is weighed down, w hilst in the 
Utter the opposite effect takes place. By careful 
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adjustmctii, therefore, the two pans can be made to 
balance one another. 

From the foregoing cxi)erimenta with your lover 
wluit do you conclude 1 Surely that the two arms 
of the balance must he of the same length if 
equal weights arc to balance one another in the two 
scale pans. 

KxEnn.sEs 

27. Weigh the cuIhjs of woo<l with the lever, 
using a 10 gram weight. 

2H. A plank of wood 10 feet long is l>aianced in 
the middle on the side of a iuh — calculate at what 
distance hoys, weighing respectively 5, 6 and 7 stone, 
would balance a weight of 3 stone at the other end. 


THE RELATIVE WEIGHTS OP LIQUIDS 
AND SOLIDS 

18. Relative weights of liquida — You have 
already seen that cul>es of different woods of the 
same size are of very different weights. Further, you 
have comparod these weights with the weight of the 
lightest, namely, Poplar. The numbers so obtained 
were called the Relative weights compared with 
Poplar. Thus the relative weight of Ebony was 
3*19, that is to say, it was 3*19 times as heavy as 
Poplar, Try now to find out the weights of equal 
bulks or volumes of the various liquids you lornw. 
How is this to be done! As you cannot cut out 
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cuIkss of iliffercnt li«|uuU, Komt‘ olhor courso uui^l 1 h> 
a<loj)U'<l. Why not tiil a with tin* an»l 

it I I’in* weight «»f tin* hottlo hoiiii: 8ul»ttao(t*<l, 
tht* reniuirulor will lio tin* w<*i<^^hl of ilo* volunio of 
which tilliMl th«‘ Lotth*. ilow an* }on to til] 
the to th»> same extent <aeh lime 1 Surely 

hy puttin;^ in the stopper. Ihit tiien a litth^ air 
is sometimes pu^hetl in. an<l the stoppi j not. 

always fit in easily. Ih)W is this «litiienlty to he 
overeomo ? Nothing .simpler, |•‘ih• a nit k or passat^n* 
ulon^ tini stopper throu,;:h whit h the ht|ui*l tan run 
out as the stopper is pu^he«l in. 


f 1 




>; 10, Tho Relative weight bottle* Wash tail 
with water aiel then diN * an tjnlinary *J o/.. Isitlht 
fitletl witli a jj:las.H .st»»pper, 
lilin;: a small nii k or pa*«sa;4e 
ahmg the st<*j»per with a three 
corneretl tile weitetl with tur- 
iMiuiiie or spirit (see illu- 
tration). (.'arefnlly wei^^h tiu* 
bttttle ami slop|H r. Fill >%ith 
water ami put in ilie stfpji* r. 

Some of the water will 
through the jia.ssage so that 
the )>ottlc can Isr filled each 
time to the same extent. 

Turn the bottle upside down, and s»*e if there is any 

‘ V^ottU's, luU^, Hr., mn W *|ue k'i> »tru4 > > washing thftn 

onl with mclhyUl^sl njunts aii<l lh»*n over « hurMwii wfel 

Uoviug tir ialo lUeni by a |*air of 1 
D 


lie- 

H-rl.' 
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air in it ; if so, refill and try again. Dry the bottle 
outside an<l then weigh it. AVhat is the weight of the 
water ? This is easily found out by tiiking away the 
weight of the bottle from the weight of the bottle full 
of water. Do this with other liquids. The weights 
of Cfjual volumes of different liquids can l>c found out 
in this way, and the problem is solved. What liquid 
will ytui take a.s your standard in conij)aring these 
weiglits? Will it not lx* best to take water, as it is 
always at hand, (’alculate, therefore, how many 
times heavier or lighter the liquids are than water — 
tliat is, find out tlie relative weights of the liquids 
compared with water. 

Km'K.kimknt 1 1 . — Here are the results of an ex- 
}K'riment whieli was made. 

The Relative weight of milk (waters 1) 


Weight ’ of bottle t water 

170T8 

Weight of bottle 

113*51 

Weight of water 

50*07 

Weight of bottle t milk 

172*00 

Weight id bottle 

113 51 

Weight of milk 

- 58-49 


Therefore relative weight of the milk = = 1*032 

Tlio milk is therefore 1*032 timea heavier than 
water. 

* It will W fonm) coiiv<^ni«nt to writ** th« weight of ItotUtaml of 
water ou a lain*! autl attarb it to the botUe with a pteca of itfiog. 
»o that the label may be taken off when any wetghiaf* are made. 
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The relative weight of a lirpiid, that i» t/> nay, iu 
weight coni|iared with that of an c(|ual Imlk of water, is 
_ vreight of some volnme of the li<)nid 
weight of an equal vulumo of water. 


Exkkci.sks 

‘JO. Find out the relative weighU of milk, warm 
water, oil. 

A''//’. — In the case of milk ami warm water the 
Ixjttle should first rinsed out with tlie liquid 
and then filled. In the o;ise of oil, on the other 
hand, it must be wa.shetl and dried as already ex 
plained. 

30. Which is the. heavier, hut or cold wuUt, 
bulk for bulk 1 

31. What did you notieo wh»*n the bottle full of 
warm water had cooksi I Wdiat do you cfuiclude 
from your observation 1 

32. Find the relative >veights rd tlie following 
liquids — }>eer, coffee, tea, sea* water, vinegar, methylaU*d 
spirits, |>ctroleum, etc. 

33. Find the relative \i*cight (1; of a mixture 
of milk with an eqiuil volume of waU;r, (2) of a 
mixture of methylated spirit with iU own hulk of 
water. 

34. Tabulate your results. 

35. Represent grajihically on W|uarff<l pajier the 
relative weights of the liquids examined, in the 
way shown on the following 
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S 20. Relative weights of liquids by means 
of the U tube. — Is it jHissible to doterniine the 
ixdutivc weights of liquids in any other way t 
^Vlly not take equal weights and notice their 
Vv>hiiues t Try this in the following way and 
compand the results with those alrcatl}* obtained. 

Expkuimknt 12. The U tube. — Take two glass 
tulics A, B, alK)ut 1 2-1 r> inches long and about J inch 
internal diatneter. Soften both ends in a flame, to 
prevent the edges cutting the india-rubber tubing. 
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Then after thoroughly cleaning and drying (»ce 
footnote, p. 33), join the tul>e.s hy a piece of iiulia 
rubber tubing E. Mount the 
whole on a board aa shown in 
the diagram, fixing the tulles by 
means of two india-nibbor bands 
C* (', and two nrLingular pieces 
of cork (f (I, and a piece of cork 
at F. I)raw c»n the board the 
line I), and fix alxoi* it with 
two drawing pins a pajK*r niilli 
metre scale. This s<*:de will ^ 
serve to measure heights above 
I), and need only extend from 
al>out A to (i. Draw <»ut a 
glass tilin’ in a ])iinier and cut 
it at A ; then soften the ends 
in the tlame. This is called a 
and can be used for intro 
ducing the liijuids. Suck uj» 
some mercury into the pipett**, 
and afUrr f»lacing your finger on 
the U)p, transfer sufficient to the tulH- IJ to reach the 
lm.se line I). The mercury can now he used as a pair of 
scales, and various liquids am l>e w eighed one against 
the other in the two tul)es A and 15. *See what ha|>- 
pens w'hen water is jiourcd into the two tiil/cs. 
When the columns are of the same height the mercury 
also stands at the same height in U)th tulics. Take 
another example. A column of water 300 ntm. in 
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height 18 found to balance a column of a certain 
liquid 150 mm. in height. Which is the heavier 
li(|uid ? Surely tlm latter. How many times heavier 1 
Evidcuitly twice, as the column of water has to be twice 
liA long as that of the liquid before they balance one 
another. 

The following account of an experiment with milk 
will explain how by this method weighings should be 
carried out. 

Exi’KUIMENT l.'l. — The mercury was first filled in 
up to the line D, and after })ouring water into tube A 
with the ]>iiM‘tto, milk^ was gradually atlded to the 
<»thor tuU^ until the mercury wa.s at the same height 
in lH)th tuhe-s i.c. opposite the ha.se lino I). 

Thi^ heights of the columns were read off and 
fouml to he — 

water column 204 mm. ) i.r. 204 mm. of water 
milk „ 2.57 „ j Uilanced 2.57 mm. of milk. 

Whicli is tlu* heavier liquul hulk h»r hulk ? 
(.’loarly th« niilk, as 257 mm. balance 204 mm. of 
water. In what projiortion is it heavier I Evidently 
in the projiortion of the lengths of the two columns. 

Hut .. 1027 

2o< 

So that the milk is 1 *027 times as heavy as water, in 
other wonls, its relative weight is 1*027 (water - 1). 

You thus find out the relative weight of a liquid 
(waters 1) 

* The should be first rimed out with the mOk. 
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length of water cohinin 
length of liquid rtduiiin 

NoU , — Fairly accurate results can 1 k' obtained by 
this inctho<j if the mercury ami tulx’s are clean and 
dry at staj ling. The mcastireincnts must of coui*se Ih) 
accurately ma<lo. 

The ap[)aratus can be easily taken to pieces and 
the tul>es cleaned and dried after each expiTiment. 

ExKm'isKs 

3G. Find tlic relative wei^rhts of milk, sea- water, 
mcthylate<l spirit, oil, petrohniin, etc., by tneans of 
the r ttibo. 

37. Compare the result.s with thos»* r»blaine<i in 
any other way, Thi.s ^houid b<* <I(*ne by writing 
down the rcsnlth siilc by nide in two columiiH, 


THE BAROMETER 

§ 21. The U tube and the air — In your last 
set of ex|>crinienU, wbat did you notice after intro* 
diicing the nu rcniy? d’hat it came to exactly the 
same height in hotli the oj>en tubes. Attach a piece 
of india-rubber tubing to one tube and stick out some 
of the air. What hap|H?ns I The iner<Miry risen in 
that side. It will be interesting to find out what 
hapi^ens when all the air in withdrawn. IVy this in 
the following way. 

Exr£Rl]iK.VT 14. — Connect the glass tulic K K, 
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1 lY.. IS, 

w l»wh. 

Fiu. V.\~Thi^ lUknmjfltr. 


which is cIoscmI at 
one cn<h ^*y nieiins 
of a piece of india- 
rii};J»er tuhiiij' F 
to the open glass 
tnho KF.^ The 
imiia-nihher tub- 
ing hIiouUI he tied 
on tt» the glass 
lulics }>y string to 
])rcvt‘nl it slij^ping 
(»ir. (*arefully 
clean ’ and tiry 
some mercury, and 
then pour it from 
a ]H»rcclain dish 
into tlie tube in 
the way shown in 
the illustmtion. 
Afur carefully 
shaking to remove 
air bubbles from 

* Ttiis must of co«rM» 
tn* soft<*ne»l in tin* i>ur- 
iii'r. 

’ Ory th** iinirrury 
i>y !*t»rrin;: it vritli a 
!>»<•» e of biottuiiy; pap«r» 
atjil tinai |*our it 
til much a funnei* 
shajMSii luts <* of ]ta{i«r 
with «o»ne pin • holtw 
in it 
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tho tulKj pliico your finger at the ojx^n end F., 
and arrange the tu)>e« on llie lioanl whioli is 
supplied. Tliis ]>oard is alK>ut .‘^S in. long, and has 
a base line J) marked on it and a seale \\ showing 
the nuinlxT of inehes ami tenths (2S in.) ;d)ove I>. 
Holes arc l)oivd at C C i\ through whieh wire ean 
Ih' passed to fasU’U the tulK.*a to the hoard. The tube 
K F should be l(MKse emmgh to allow of an uj> ami dt»wn 
movement, by means <»f which the mercury can alway.s 
l>e brought to the same height, i.r. to tln‘ line l>. 
What ilo you notice ? The mercury in F I] is about 
.*10 in. above the mercury in K F. d'hen* must there 
fore be something pushing down on the suif.acc of the 
mercury in K F sutlicient to balance the in. nf 
mercury in K R There is nothing but air in ccuitact 
with the mercury in the o|K;n tuU*, ami the air canm»t 
get at the mercury in the eloseil ho you will at once 
H,ay — Why, it can otdy be the air. N«>w what would 
you expect to hapjM ii if thc3 air hecame heavier or 
lighter? In the former ciuse would not the air W. 
able to support a longer column c»f mercury, while in 
the latter the elTect would In; tin; (»p|K»site ? How 
are yon Uj ascertain if this is the case I Surely )»y 
trying. 

KxrKniMENT l a. — Attach a piece of india nibl^rr 
tubing to E ; blow down it and go fr>rcc air in. 
^VlJat hap{>ens 1 Tlie rnercurj' rises in E E IJeverso 
the exj^eriment, i.f. suck air out of R now* the mercury 
sinks. What are you doing in the two cases ? 
Surely only increasing the weight of the air in the 
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former, arnl in the latter decreasing it. The results 
arc what you exj)ected. You have therefore a U tube 
with air in one limb and mercury in the other, and 
by watching tlic mercury from day to day you will 
)>c able to ascertain whether any change takes place 
in tlie weight of tiie air. For this reason such an in- 
strument is called a Barometer {haros = weight, mc/ron 
- measnit^). The mercury in K F shotild always be 
brotight to the same level, i.e. to 1), by moving the limb 
K F, thus allowing the direct reading of the height of 
the mercury in K K above that in K F. 

E.X'KRriSKS 

Take the readings of the barometer as often 
as possible, and compare your results with those 
recorded in the news|>;n>ersd 

39. Map out your results graphically on srpiared 
pHjHT, an example of which is given on the op|K)8ite 
jmge. The height should only represented by dots, 
whieli are tlien to Ik) joinetl by lines. This may be 
C4i!letl the Uirometric curve. 

40. I>escril>o the barometer, and exjJain how you 
would make one, giving diagrams. 

' Your will U* aUmt *4* lower than thow recorded in 

Uie newnijmjvcnt, it i^ iui|>o«9iMe to nmiove the ImI traow of oir 
t>y the 
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ADDITION OP INTEREST 

The following \H an extract from The Miyrning 
Pimty Ist Juno 1892: — 

THE HUKKICAXE IX MAURITIUS 

PnitT Lons. 12/A M<tij 1892. 

F'riday, the 20th of April last, will long Ikj remem- 
hcrod as an eventful day in Mauritius. R<*twcen the 
hours of noon and 0 p.M. the i.slan<l was 8ul»jecU‘d to 
a UTrihle eyclone, .surpassing in violence any that 
have been previously known, for it overthrew al>out 
one third of Port Uuiis, killing .several hundreds of 
{>oople ami maiming thousamls. IVojxuty to an im- 
mense amount all over the i.sland has been destroyed, 
accompanied by h»*avy loss of life, and it is fearful to 
contemplate the result had the storm burst upon us 
by night insteml of by <lay. The whole stimmer ha4-l 
been unusiuUly hot. It began at an earlier f>eriod 
than usual, and the heat continued long after the 
time when, in onlinary circumstance.s, cool weather 
might 1 h’ cxjH'cted, During this season there had 
l)een di.sturbanccs occasionally approaching danger- 
ously ne;ir our coasts, but relatively harmless. ITiero 
was one in January, another in March, ea< h followed 
by a temporary fall in the thermometer, but tlic 
continued stillness and closeness of the atmosphere 
gave rise to troublous thoughts and uncasv minds, 
the more so I>ecause the coming on i»f winter, which 
sliould have brought the looked-for coolness, in no 
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way allaj'ed the iiitoloruldc heat, lo get over the 
first half of April without a Htorm wits geiit'rally 
considered a safe sign. From this time forward it 
seems im]>ossil)le t/O reckon on security in an)' part 
of the year. Intense heat was exjieritiiced on the 
27th, follow'ed by a most oppressive night. Few 
could sleep, and tlie distant roar of the waves ilashing 
on tile coral reefs was clearly heard milos inland. 
The heavy surf next day and the constant heat were 
evidence that something unusual was taking places not 
far oil*. Friday morning hrt»ke cloudy and Kl4)rmy, 
and every one wa.s aware that had weather wiis in 
the vicinity ; hut a.s it is always the une.vjHa;ted that 
hajipens, no man apprehended the reality, and all 
hiisiness people, according to custom, went to work 
in l*ort Louis, leaving their wives and families in 
the country. Ly half ]>aKt ten all who c(»uld df) so 
cpiitted town hy the la,st down train destined to run 
tluit day, and so far they were lucky. I'he wind 
waa coming in ominous gusts, with chiving rain, hut 
telegrams from the lv4»yal Alfnnl Ohservatory H|ioke 
of danger os unlikely, and prcilicted that th<j wind 
would never exceed 5G miles per hour, and that in 
any case the storm would Ihj of short dursition. 
Hurricanes rarely approach Mauritius fnmi th<i north 
wesL and hence the Director of the OWrvatory was 
misled. Crowds assembled at the Central Ihiilway 
Station hoping to get away, but two triiins w'f*re duo 
in Port Louis before tlie 1.30 down train could start. 
Neither of theae trains was heard of ; the telegraph 
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wires were broken, and it was innx)88ible without in- 
fonnution to risk a collision. The would-be travellers, 
nearly all of them fathers of families, were consequently 
obliged to await events, which took no long time in 
shaping thcmHclves. Suddenly, about noon, with a 
furious hissing noise, the pent-up storm rushed in from 
the noHb -west. Fnigile buildings soon gave way, tin 
r<M)fs were ripped otV, stout trees uproc)ted, and for an 
Iniur and a half tlie whole town ami country W'as 
exj»oHO<l t() a jMtih'ss tornado, acce!Uuate<l by a deluge 
of rain. .7V/^ irhirh all (hr min niun had been 

Ifrudwilhf suddrnia dropprd an inrh in tiro h(air.< 

till it rrarhnl it{( louriit pointy 27*l»0 ; it then as 
sudderdy began to rise, showing that the deprc.ssion 
was pn.Msing away from us, the wind without warning 
lulled, the clouds dispersed, and a bright sun shining in 
a blue sky juoclaimed apparently that the tonqwst had 
subsitled, and tijat all sense of ]H‘ril had passed away. 
Tcople aeco^lingly began to look alxnit, and it was 
soon noised abroad that the se;i bad pjkssed her 
lH>unds, and was well up on shore towards (Jovern- 
mont House. Huge lighters were tloiiting where an 
hour Indore there had 1»een dry land, and boats were 
plying on a new sea. Tlie Post Office, the Custom 
House, the Oriental Hotel, were standing like islands 
in a fresh-formed flood. Men vrent, some to business, 
some outside to see the cflecU of the storm, thinking 
that all was over. The more experienced shook their 
heads, expressing the l>eltcl that we were in a fool’s 
imradise, and Uiat the quiet calm was a portentous 
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prelude to worse to come. There was notlurif; to 
show the sUte of things one way or another. Again, 
without one sign of warning, and fn»m a direction 
pre^tisely opposite to its forimr cotirso, the wind 
seemed as it were to burst out of the calm with U‘n 
fold violence. For two lu»urs (»r s<i, fiorn three o’clock 
until after five, it inaintainetl its furv. blast succeeditig 
blast, each worse than its predecessor, and tilling men’s 
hearts with fear. In the presenceof sucli might y factors 
human power felt it.s utter im}M»tence. How long the 
terror would hist none ctmid tell but, judL'ing by the 
earlier blow as the cyclone approachctl, its duration 
woultl be short. At the Ob.servatory the pressure was 
registere<l at lbs. to the scpiare hs»t. c<pial to a velo 
city of llM miles per hour. The centre passed six 
mile.s to the west of the ( tbservattu v, or precisely over 
Port Louis, and it is consc<piently fair to infer that 
the velocity u|Km the town was greater. Whether 
the rcgi.stcred velocity <d the wind is of any practieal 
value for exjdaining iU residts iw not now to Ins con 
sidered. The fpicstion in this instance for exiK^its t<# 
decide is why the cfTecls were so (lisastrouH, and 
whether the j>osition of the town, lying at the fo<it of 
a belt of hills, did not aitl the wind, which was rcHectetl 
with greater force from the mountainous barrier that 
opposed its volume. Py six o’clock all was nearly 
quiet GusU still came tip at e\*er-incrc;4sing distances, 
and at greater intervals. But the heavens were clear 
and the stars peeped forth, and jicople then began 
to breathe again. 
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§ 22. The Relative weights of solids. — You 
have ali(;a(ly found out the weights of various liquitls 
compared with water. How can you ascertain the 
same thing in the case of solids? Do you clearly 
iinderstaml what you wish to do ? Is it not simply 
to find out how many times heavier a solid is than 
an equal \()lum<‘ of water? What would ha]>pcn if 
you were to droj) some nails into a bottle f>dl of 
water? Tiv. 'I’lie nails push out or displace an 
amount of water e(pial to their own bulk or volume — 
eviileiitly no nuire, no less. How arc you to find out 
the wi'ight of this displaced water ? Surely by the 
loss of Wright which takes place after dropping in the 
nails. 'Fhe following is an account of an experiment 
which wa.s carrie<l otit in this way. 

HxrKKlMKNT lb. — The nails and the l>oltle full 


of wat(*r were weighed separately. 

Weight of lH)ltle full of water and stopjxu’ 170*18 
Weight of nails ..... 20*42 

Together these therefore weigh . iqo GO 

Tlie stopper was then taken out and the nails 
dnqqwd in. The whole wiw reweighed after replacing 
the stopjHT and drying the oulshle. 

Weight of nails and InUtle full of water 
Weight after dropping in the nails 


Weight of water displaecth i-**- ) 

Weight of a volume of water CMjual to 2*63 

that of the nails / 
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Therefore aa the weight relatively to wat4*r of a 
substance 

weight of suhsUnce 
~ weight of an e()ual volume of watiT, 
the weight of the nails relatively to water wjw 
20-42 


Exkroisks 

41. Find out the relative weights of nails, Kcn^wn, 
glass rods, slate pencils, etc. 

Nidt . — The above substances should be tied 
together and koi)t for further experinu ntH (sei* Kx|M*ri 
merit 18). 

42. What were the volumes respeclivrly of the 
nails, screws, etc., U80<i in the last experiments! 
Note that 1 gnim of water measures 1 cc. 

4.3, Find out the weight of mercury rclativ4*ly to 
that of water in the same w’ay. 

Note . — The mercury should be w-eigbed in a 
porcelain dish, the weight of which is known. 

§ 23. Relative weights of solids found by 
first finding their volume. — You w ill now umler* 
stand that the relative weight of a solid can 1 m* easily 
calculates! if its volume in cubic centimetres is known, 
as 1 cubic amtimetre of waU r weighs al>out 1 gram. 
Take the following simple example, 

Emmjde , — The small 2-cm. cuIjc of Elxiny weighs 
9*37 grams, and iU volume is known to be aljout 
K 
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R cc. (s<M' S 7). Hut a volume (A water of the 8ame 
size (?>. R cc.) woighs about ei^ht j^rams. 

'riiercfore the wi i^ht of Kliony relatively to neater 
woiizht of ebony ^.037 

weight of erjual voiiiiix* of wat4T R*00 
Hut how eaii you fiiul out the volume of an ir 
regular s<»]i<l 1 ^^ hy not by immersing the solid in 

water and notieing liow much tlie water rises? 

The following account of an experiment explains 
the method. 

KxpKiaMKM 17. — 20 grams of sulplnir were 
mlded to r»(t cc. of water in a meastiring gla.s8. 

Height of water before introduction oO cc. 

„ after 00 co. 

Therefcjre volume (»f sulphur -- 10 cc, 

but Itt re. of water weighs about lO grams. 

lienee weight (*f sulphur compared with water, 
wei^dit (jf sulphur 20 

* l.r, - 2 . 

weight of etjual vidume of water It) 

-This is only ft irry rough metluMl, as the 
measure only indicates cubic centimetres. 


EXKRCISFit 

44. Find out the ndativo weights of stones, slate 
)>onriis, etc., by the almve melbo<l. 

47». Ihwriln'* how 3*011 would find out the volume 
of a watchHdiain ; also of some soud. 
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§ 24 Relative weights of solids by weighing 
in water. — You have luiticed that mune ohjectK 
sink when placed in water, and tliat others float. 
Of course ihrise which flo;it are supported alto^etlitu* 
hy the water, hut what alM»ut tlie others ? Ooes the 
ivater 8upjM:)rt them at all f Try for yourself hy 
weighing them Imth out i»f the water and in the 
water, 

KxpKIUMKNT Is. — llace the ‘^niall cn»sH tahh* 
H H. over the left hand pan, and a h<‘aker ’ on it. 




Tie together with a fine j»iece of wire- the nail 
used in KxerciHC 11, ami hangtln in from ti»*‘ Uam w 


I not w) liatilf to t l*f 
* A of mifv of 
an«i t4in to tht 
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that the bundle comes inside the beaker but does not 
touch it. Weigh the nails. Then fill the beaker 
with waUT and w<iigh again. 

Hero is the result — 

Weight of nails . . 20*42 grams. 

Weight of nails in water . 17*79 grams. 

Loss of weight = 2*G3 gnims. 

What do you notice ? The nails lose in weight, 
and on reference to Kxj>crimcnt IG, that the loss of 
weight is ecjual to the weight of water displaced from 
the lK)ttle, i.t\ the weight of a volume of water equal to 
the volume of tlie nails. Try the same experiment 
with the glass rods, screws, ete., ttsed in Exercise 14. 
What is the restilt, and what do yoti conchide ? Have 
you not proved that the loss of weight in w'ater is 
equal to the weight of an equal volume of w'ater? 

Should this 1 h> the case the 2 -cm. Ebony cube 
ought to weigh al^out 8 grams less in water than in 
air. Try. Is this the case ? Yes. 

Therefore the relative weight (water =' I ) = 
weight of substance 
loss of w eight in w ater. 

The rtdative weight of the nails is therefore 


Exercises 

4G. Draw up a table of substances which (a) sink, 
float in water. 
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47. Ascertain the relative weights compartnl with 
water of a sovereign, shilling, Horin, and a penny, also 
of glass, copjHJr, zinc, iron, etc., by tlie above inetluMl. 

48. A small 2‘Cm. cuIhj weighs exactly l(t grams. 
What would Ijo its weight in water? (bve re 4 isons 
for your answer. 

49. Calculate tiie volumes of the objects used in 
Exercise 47. 

Here is an example— • 

A\\‘ight of a coin lll‘J 

Weight of a coin in water . 1 1' 

Loss of weight 1 '.'WJ 

That is, a volume of wuUt <d the same hi/.e. as the 
coin weighs 1 grams, but 1 .10 grams of water 
measures about 1 cc. 

Hence the volume of the coin is ] .'lb cc. 

50. Write down in a table the relative weights 
(water ~ 1 ) of all the sub.stanccs with which you have 
cx|>erimented. 

Nut (. — The term Relative Density, and also 
Specific Gravity, is iwcd when the relative weights 
are com^mred with some slandanl. Water is the 
standard used in the ciise of solids ancl liquids. 

The following is a table of the Itelative Densities 
or *S|)ecific Gravities of various sulwitanc<s«. ( oru|Xirc 
them with your own results by putting them side by 
side in your note-book. 
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Table of Relative Densities or Specific 
Gravities 
W' ater at 1 C’. - 1 



Moiliylated spiritH 


0*8‘J5 


Naplilha 


0-848 


Olivo oil . 


0 015 


Si'a wator 


1 -020 


Milk 


lo:i*j 


SoLIhS 


TopLir 


Stool 

7-8— 7-0 

< )ak . 


'I’iii . 

7 ’5 

Siuul 


1 Irass ( oa-st 

7-8— 8-4 

(ikiAS 

‘Jo :>{) 

,, wire. 

8-5 


(’oppor 

8 -0—8-9 

Zinc 

0*S -- 

Silver 

10-5 

Iron 

7 0— 7\S 

Lead 

11-5 


Cold . 

IV*- 10 0 
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THERMOMETERS 

^ 25. The expansion and contraction of 
liquids. — Mo.^t r)f you must have noticed an instni- 
incut hanging up in your school very like 
the picture. Have you ever asked your- 
selves uliy it is there 1 Look at it There 
is a Kiuall glass tul)e with a Imlb at one 
end containing mercury this is mounted 
on a piec<' of wnod marked with divisions 
and numlH'r.s. Have you ever watchcwl the 
Ii<piid in the tnhcl Is it always at the 
Haiuo point (Ui the scale 1 No ; surely you 
have olnerved that the li(|uid wa.s higher 
in the tuhe in .summer than iu winter. 
AVhy is this? It is hot in Rummer, cold 
iu winter — perliap.s the heat and cold 
may atfect it Try. I’lace your warm 
haml over tile hulh. AVhat haj»jK.‘nR ? The 
hquid rises. Place it iti cold water. The 
liipiid sinks. Why is this t l^oes the 
liijuid get larger when heated and smaller again when 
ccmiIchI t Try and find out if this is the case with 
some litpiid, say ordinary water, 

hlxi'KUiMKNT 19. — Fit up a flrujk wulh a one-holod 
iudia ruhWr cork in which is the glass tube A. After 
filling the flask, gradually push the cork into iU 

f iiulrumetitK do uot always coutain mercury, a etdourad 
liquid is ofttu used instead. 
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place. What liapixsiisl Some of the wnier 
ill the tulx\ A piece of pa|>('r shoiiM 
now l)c attached to the tuln' t<» mark 
the height of the lujiiiil. Set the flask 
on a retort stand and warm hy means 
of a verj small flame. What happens 1 
The water rises and continues to rise. 

Take away the flame ; after a short time 
the w'ater descends. What jIo yi>u et>n 
elude? Surely tliat the li<juid 
larger or expands when heated, and 
gets smaller or contracts on (Msding. 

Now heat soiiKJ ice cold water and m c 
what hapiKjns (st ‘0 Exercise 53). 

§ 26. — Hero is an instrument 
somewliat similar to that already 
descrilnid but without tlie womb n 
scale. Try some exjMuiinentH 
with it. 

Exi’KUIMKNT liO.— Fit up n 
test tul>c with a cork through 
holcii in which are piissed one of 
these instruments A, and also an exit tulaj Hd 
Half fill the U*st UiIks with water and replace the 
cork. At what height d^Hfs the mereury stand? 
Heat the water. What hapj sins? The mercury 
Fi<>. 17. graditally rigi'ii till the water lioiJs, hut then 

^ For boring corks, cutting sna Uuding gUss tubos, mw notes 
at Uko ttML 
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and remains at one point on the scale. 
At what height is it? At about 100. Try the 
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opposite effect. Place it 
in some cold water. Note 
the height of the mercury, 
then add some pieces of 
ice and stir ; the mercury 
now falls. Add more ice 
and stir. The mercury 
falls to about 0 oji the 
scale and then remains 
stationary. Warm the 
water and again stir. The 
mercury first ascends and 
then again comes back to 
0. ^^’hut do you conclude 
from these exjMTiments ? 
Surely that watiT Imils 
at loO on this scale 

ice and water remains 
at 0. This instnimcnt 


is cidh’d a thermometer hot ; rndnm, 

measure), as it measures the hotness or tem- 
perature. This jnirticular one is called a centigrade 
thennomoter, as there are 1 00 degrees or steps 
-100, (jnui us ^ b<*tween the two stationary 
|H)ints at wliich water lioils and ice melts, and we 
say that 
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Water boils at lOOilcgrecK or 100 ((\ ^ centigrade) 

Ice melts at 0 „ „ 0 V, 

The thermometer ctniimonly ustni in Knglami iHnno 
invented by a man named Fahrenheit, and 
called the Fahrenheit thermometer. 

In this the graduations arc ditVerent. In 
lx)iling water tlic mercury list's to -TJ, A ^ ^ 
while in melting ice it falls to 'd‘J. So - 
lioiling jM>int of water - 100 C. or -M- F. ‘ >*! I 

Melting point of ice - 0 C. ttr l\'2 F. !• 1 C 

KxPKUIMKNT 21.— Have you ever v- 

• ■ i |j 

noticed how the iceman keeps his ices 

* , 3 h>o 

from melting? Ask him. He tells you ! ;U 

with i(‘e ami salt. iNovtler some .s:ilt ' il** 

-w and ice, then mi.x in a , * i A. 

gallipot, and introduce ' ^ ;[** 

the thermoim ter ; it in- ■ A 

1 - . ** 'i' 

tlicales a teniiM rature * 

* f V >, 

many degree.s helow 0 ’ JI jr 

' ( ’. or o2 F. ij*. 

Kxir.iiiMENT 22. il 

I ’lace in the ice and will ^ ^ ^ 

ini.vtiire a small O'st * v ^ 

containing a few 
‘ c. of water into wliich 
a thermometer dips. 

[ ‘Stir the waUjr in the U*st 

« IvS’WV . ¥tfj 

tube. What do you 


Fui. 30. 


* Thr lh«’niioiu»;t4rrik in ^rnrrnl t* 

<iom ui<iicAt« th««« oumb«ni exactly. 
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noticed The mercury sinks to 0® C. or 32® P. and 
then stops, although the mixture outside has been 
found to be colder than this. Continue stirring. 
Wliat happens 1 The water freezes, and then the ice 
so formed gets colder, htit not till Surely we 

may therefore conclude from this that water freezes 
at 0'^ C. or 32^^ F. 


Exercises 

51. Take the temperature of the room at the same 
time every <iuy, and plot out th(4 observations on 
sipiared jiaper. hasten the squared paper in your 
note books. 

52. Take the temperature of the following — 

Ice and water. 

h. Ice and .s;ilt, also freezing water, 
f. foiling water. 
ft, Ikiiling water containing 
t. lioiling water conUiining sugar. 

53. Does water ahvays cxpuid on heating I Make 
the following ex|>erimcnt to find out Fit up, as 
in the illusti-ation, a 4-oz. conical flask with a two- 
holed india-rublier cork, into one liole of which is 
fitted a thermometer, and into the other a fine piece 
of glass tuhing alK>ut 12 in. long. Fill the flask 
wdtii ice-cold w’ater and ciirefully replace the cork ; 
some of the liquid wdll ascend the tul)o. Heat care* 
fully with a very small flame. Describe fulljf what 
happena, noting temperature, etc. 
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54. At what temperature is water the heaviest f 

55. Which is the heavier, 
water or ice 1 How do you know 
this I 

56. From your answer to the 
last question could you tell 
whether water ex}>and8 or con* 
tracts when frozen? To put it 
simply : will one jwund of water 
be larger or smaller in bulk when 
frozen than when liquid ? 

What hapi>cn8 sometimes in 
the w’inter to the water-pipes ? 

Does this supjwrt your answer 
to the first part of the question ? 

57. A pond is exposed tc» a 
cold wind, descrilKj exactly what 
you think will happen. 

Note, — Remember that a 
heavier liquid will sink in a 
ligliter, and that water at 1 C. 
is heavier than w'ater at any other 
temperature. 

58. Is solid wax lighter or heavier than liquid 
wax ? Melt some in a test tulx.> and find out. 



DISTILLATION 

§ 27. The boiling of water. — While lioiling 
the water in your last set of experiments, you must 
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have noticed that it gradually disappeared from the 
flask, and that at the same time a cloud appeared at 
the mouth of the flask. Where did the water go to, 
and what is this cloud ? Is this cloud water 1 if so, can 
the water be recovered 1 

Expkrimfat 23. — Boil some water in a flask and 
place over it a slate. It becomes wet, and the mois- 
ture on it looks like water. Collect some. To do 
this it will be more convenient to make use of the 
apjKiratus shown in the illustmtion, which consists of a 
flask A, eunneeled with a tube B, which is surrounded 



with <*old water. Fill the flask half fidl of water ami 
ls»il. What hnpjM'iis t 

Is the liquid which collects at water ? Taste iL 


FILTRATION 


03 


Put a little in a test tube and take it» Udling |Kn?it, 
It evidently is unchango<l water. 

The whole appiiratUH is callcMl a still (>7i7/a, a 
droj>), ami the tul>e P, a condenm'i*,* an it rondenses 
the invisible wator-vajsMir into water. 1’Iuj prcKoss 
is ciilled Distillation. 

What do YOU think will lmp|K‘n if wilt water is 
distilled? Will the salt ovir with the water? 

Try. Pour some sjilt water int<» the flask .and 
distil. Collect the condens<al li«|uid o»r distillate) 
and test as follc>w.s — 

I. Taste — no salt ness noticeable. 

' 2 . Ikiilin^' }w»int s;iine a*^ onlinaiy water. 

The salt, therefore, is left iK himl, and the w al<a can be 
KO[«irated fnun it in this way. 

l)is.s(»lve other solids in water an<l ili-^til. W hat 
is the result? What ronclu.«ion ha\e yon arri\»*»l 
at concerning' the distillation of water containiii;^ 
sidt, sugar, etc., dis.sohed in it 1 

FILTRATION 

S 28. The Be{>aration of contain »olidfl ffom 
water by straining.- W fjen smd shaken up w ith 
water does it dissolve like wilt ? No, .Shake up wune 
chalk in the sjuiie way. It apjwirently d<KfH ii(»t <IiH 
solve. Th<‘ chalk settles to the ljutloin, like the Hand, 
but very slowly. 

' 7*l»w orttf in i ticf'auM' it 
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Is it possible to separate such substances from 
water in a <piickcr way 1 Try straining through mus- 
lin or some material such sis blotting |>aper, through 
which water will pass. 

Expkuiment 24. — Hero is a glass funnel. Fit 
into it a filter jvipcr, as is shown in the illustration. 
Shako up sonic jxiwderoil chalk with water and |X)ur 



F»u. ’.‘S.- Funn*‘I »nil Filt^jr raju'r. 


it through the filter pajw. What is the result I The 
clialk is rctaineil on the |)ajK*r. Will siUt water leave 
the sivlt iHjhiml in the wiiiie way ? Try for yourself. 
l>oes the liquitl which |*asses through (called the fd- 
tratc) contain salt 1 Taste it. Du the same with a 
solution of sugar. 

What do you conclude from these experiments t 
Exercises 

59. Distil a solution of sugar and salt Test the 
litpud Iwforo ami after the process by — 

1. Taste. 2. Boiling-point 3. Specific Gravity. 
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Write down in your note-lKM»k what n^iilu lire 
obtained. 

60. Inscribe and tlraw a pictun* of the Liebi^^’t* 
Condenser, and state how it in uwhI. 

61. Shake up some supir arul |M)wdenM! chalk 
with MTiter. How win you se|Kinite the chalk from 
the sugar t I ki so. 


EVAPORATION 

29. Evaporation at ordinary tomperaturea. 
— In your cxj»erinH?iiU with th(‘rmoiiicters did you 
notice any cloud at the mouth of the Ihwk l>efore the 
water iKiiled 1 Ve.s ; tliis was clearly tht* case. 1 ><h*h 
the water then |>a.Hs away in va|H»ur, or evaporaUj, 
at low'er temjKJratureH than that of ls»iling waU?r I 
Does water cva|K>rate at ordinary tein|»eraturcs I 
How am you find out ? 

Expkui.MKNT Hrp. — Half fill an evaj)r»nit ing dish 
(sec Fig. 13) with water, weigh it, then leave it b)r 
a day and weigh again. What do you notice t d’hat 
it has lost in weight. Mmst luM this Ik*, ilue to the 
evaporation of wime of the water ? 

How much h;4s cva{Miratc<l ? Docs the wime 
amount disappear every’ day ? 'fry. No ; the 
amounts are different Why is this ? Djkss more or 
less eva{>orate on a wet dayt Try to find out by 
daily’ observation. 

Have you ever noticed anything of the kind 
F 
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Ix^fore ? I>o wet clotlies dry more quickly on a damp 
or dry day? (Wefully note down the state of the 
weather in connection with these ex|H*riment8. 

What arc your cfinclusions alxmt this question ? 

§30. Sea- weed. — Here is some R(jii-wced. At 
times it does not seem to 
]>e so dry as at others. Is 
this so/ How can you 
find out ? You at once 
atiswt!!* that if it is drier 
one day it will also 1 k 3 
lil^hter. Why not weigh it 
every day and see ? 

Kx I'KK I M FNT 20. — Make 
a muslin Kag and fill it 
with .sea- weed. ^ Weigh it 
e\ery day .and note down 
the result. Dot^s it change 
fju. 24 .- 6 cA wv>cd. weight ? Sec Exercise 

§ 31. The wet and dry bulb thermometer. 
— Here is an instrument which consi.sts of two ther- 
mometers side hy siile. 

What is it for ? Examine it. One thermometer 
iliffers fn)m the other in having a piece of muslin 
Ue<l round the hulh, the other end of which di{)« into 
a small glass vessel. What is this vessel for 1 It 

* Th« sboulil l»e bung np outMiti* tb« window in m 

•nudl box to mtvc ax » proUction agmituKt Ui« niin. 
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is i<> put water iii. Fill it with water. What 
hapj)ons 1 Some of it ruiiM up the 
muslin and keeiw the hull* wet. I><> 
y<m notiee anythiti^ el.M* ? Ve.s. d'he 
mercury in the wet hulh thermometer 
sinkn, showing that it i.-» inldoi than the 
other. I low is thin? Sjirely the \\;it<r 
is not colder than the air? Trv Konn* 
ex{M'rimenls to see if this i> the ras<\ 

KXfK.llIMKAT ‘J7. Fill a hraker 
with water atnl leave it until tlie tetii 
|H‘rattire is the siirne as the ri»oni 
Take the thennometer out of the water. 

What in the result ? I’he mereiuy falls 
« or 3 de^rtM'8 and then rinen ae.iin to 
its ori^uinal heiudit. Try thin a^^aitk, 
moving the thermometer hark wards 
and forwards <|uiekly in the air. Ihe 
mercury falls «‘ven more. What, ilo 
you conclude ? Surely that the «jui< ker 
the w'ater evajxjrates the eoider it }»c 
comes. Does water eva|K»rate at the j,. 

Kiimc nite on ail davn ? N«* , you ha\ c 

alremly found out that the flriei the 
day the more fpiickly water eva|S)rateH. W hat, then, 
will ha]>j>on to this wet hulh thermometer oji dry 
days? Will not the water eva[K>rat4* more ipiiekly 
and the mercury’ therefore sink a irrc^ater imifd>er of 
degrecflt What %voiild you cxjiect on damp dayt>? 
Exactly the opposite. The fsea-weed will iialicaUs 






evaporation 


concluBion« you have arrivetl at from the<M) ro 
suite. 

63. Weigh some sea-weiHl, litMl up in a muslin Iwig, 
every morning, and rectml the result in your liook. 
Represent the result graphically on wjuared pjijHn.* 

64. Take the rcjidings every niorning of the 
Imroniotcr and wet and dry bull) thermometer ; note 
down also the direction of the wind and the slate t»f 
the weather. 

(Jonsider each of these reconls sepamtely. State 
your conclusions al>out each. For iiistanee, d<M*s the 
baromeUir rise or fall in wi-t weather ? Ihx'H the 
sea weed weigh less or more umler thcHc conditiiuis I 
What alsmt the wet and dry bulb thermometer ( 
Which wind scem.s to favour ruin immt ? and m> im. 

§ 32. Evaporation of (1) Ordinary water, (2) 
Sea water, (3) Rain water. — Yf»u lave alrealy 
seen tliat when water is lioile^l ami also when it is 
left exj»08cd to air even at onlinary tem|M*ratureN it 
passes away in the form of vajiour. In the frjjmer 
case you obscrve<l that any solid matter, hiicIi as wilt, 
etc., did not j)ass over with the vajsjur, Imt was left 
liehind in the vessel. Ought you not in thin way to 
be able to ascertain the amount of solid m;itUjr con 
taiuetl in any water t 

Experiment 21b — Fiml out roughly the amount 
of solid dissolved in rain and tap wat«rr by eva|s»rHt' 

* All the •qnaretl isip«r o*«l u» the viurtouH resulU 

ia the i 
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ing ft few rnbic centimetres of each on a clock glass 
over a water Imth. 



Th<' n#rnr«* rfpr«'j«rnt« « f<»rm of wnt**r which r*n 

ftliHi ftc niic<l »ii All Air Imth or oven. It ronuHti of An ortlinmry wuccnAn, 
lit the ci'ver of whii’h Ar«' hmr o|M*nln;:!t fi*r cvAporAiin^ tli»hr« A, or eWk 

f ;)aA<icA II. Tlic wliolc oaii W hraletl to the tcri>|)**nHiir»* of water, 

ly water contAiniHl in the naueriiaii. The covern K. fih«*uhi l»ephiceU o>«r 
any of the o)wMiin^ not in um'. A itUiui tut>e I*, inaerte*! in a ct»rk atnl 
alnioAt toiirhitiK titc Nittmu, reatiily ahowa If the water la t4«» low 

by the apitearan''c 4»f *t«’am at it« npja'r ernl. Tlie anpearAnce of the ateam of 
CHUtrae Unficateti that the level of the water luia mink la low that of the tube, 
ami that more wrater la i>Mtulre»l. When a higher temteTature La ilratrr^l, I» ia 
rcpUwHHl by a therinoineter ami the iiauee|van uatHl without water. Eva- 
iNiratint; luahen, etc., can la* hfataHla.** before or**n Hmall plpe-rlay trianglfw 
pUnNKl in the Miuce)«u Um lf. When the bath t# uactj without water, 
the temjierature inuHt of course U* Brat cajvfiiHy re«rniat«U by watching 
the thennometcr ami turning down the gme aa re*juin.Hl. 

Which contains the most soliil matter ? 

How cun you hml out the exact amount of solkl t 
By weighing, of course. The porcelain evaporating 


evaix>ration 
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<)ishe8 should l>c used in doing this (juantitativoly. 
i.f. in ascertaining the exact amount diHHolve<l. 

Expkiumknt .'K). — Weigh a dry ovji|>orating »ii»h, 
then measure into it lt>0 ee. i»f the li«juid and 
eva|K>rate to dryness over the water )»:ith. On re 
weighing the increase indicates the amount of solid 
dissolved in 100 ec. of the li«|uifl. 

Here is an example — 

Weight of dish t resi<lue . 30 |r> grams 
Weight of dish . .‘lo .'ir» gnuns 

lU‘sidue io grain. 

100 ee. thendore <‘ontain(Ml lo gratn. and looo 
ee. (i.i, a litre) would contain lo . lo 1 uo gram. 

KxKIU ISF. 

^55. Ascertain «|naiititaliv<'ly the annaint of sf>lid 
contained in — 

(n) 10<.) cc. of tap w.it<T, 

(//) loo cc. <»f rain water. 

(c) *J() cc. of sea water, 

and then calculate the amount of solid dis^^olved in 
! litre of the alx>vc waters (a litre louo n- ) 


SOLUBILITY 

§ 33. Solubility of salt, soda, chalk, etc., in 
water.— C<ndd you not make use r>f this inetlnKl 
ascertain the amount of salt, wxla, etc., which water 
can dissolve, i.f. their solubility in waU;r 1 
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Experiment 31. — Powder these sutetances^ and 
fwld them separately to water (al)out 200-300 cc. or 
more) in lK)tUoH, then shake well. There must be 
sutlic*i(!nt of the solid to allow some to remain undis- 
solvod even after standinji^ during a day or two (Le. 
the li(|uitl is to be sjitnratcd). 

Kilter the litjuids sepanitely, noting their t-emper- 
atnre. 

l'.va|)onite 20 <t, of ojieh over the water Iwith, 
and aseertaifi the amount of solid residtie. Calculate 
the amount dissolved in 100 cc., and represent the 
results graphically on wjuared ]m|)cr. 


ExkrcisE8 

GO. Find out the solubility in water of salt, wash- 
ing-soda, black-l»oard chalk, sand, etc., at oniinary 
tem|)eraturea. 

07. Ascertivin whether mud or earth contains 
any s(»lid soluble in water. To do this shake up 
some e;irth with water and lilter, then evaporate the 
Oltrato and ascertain the amount of residue. 

08. Make a graphic representation of the solu- 
bilities in water of the solids iiseil in Exercise 00. 

* One «x))eriniotit should W douf hefons the cUun hy wty of 
iltuKtruliou, «ud thv mt by the scholam themielveit. 



APPENDICES 

Notes on Cutting Glass, Boring Corks, etc. 

To cut a tuft* (tr rttd. Scrati'h llir with ti 
three-comerwl tih* at the |M)int miuinil, and tin ii Inddinj; 
it in a cloth with the ncnitch U'twciii tin* tw«» huinU, 
alightly Wnd it. If it do(*« not break eiwily, hh' 
deejKT. 

To Itejul ffhm tufoHff . — Turn the tuU* eoijKUintlN 
round in an ordinary hitewiiig pw llaiin* (not u buiiwn) 

BO a« U> heat two or three iueheh of tin* mix* until it 
fjfcomeg g*t/t ami p/ittUr^ then take it <»ut of the tlwnc an<l 
l>end a« rtNjuired. The l>end Khould not have 
a tiatUmcHl upjH^arance ami Mhould lie of the 
name l)ore as the rest of the tulie. 

To fj*trf a rttrk. A cork i» bori*<l by 
lueanB of the a irk Ikihtb show'ii in the illus- 
tration. Selwt one of the braas tulies, which 
should be nlightly nmaller than the glaiui 
tube for which the hole is re<juirc<l. After 
ioBerting the brass ro<i into the holes at the 
top of the borer, gradually screw the borer 
into the cork, at the $amf time (uminff the 
cork in the offpositr direction. By this means 
a bole can be drilhHl quite straight through 
the cork. The final fitting of the ghiM tulic 
to the hole should be done by xneatui of the 
roottd file. 



r. 
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The, T piece will be found useful when two gas jets are 
required at the same tima The india-rubber tubing 

B C 

I I 


A 

Ku.. •>. 


HUpplying the gaw in roiinected to A, iiml a burner to each 
of the o|)cn cikIk H uml ('. 


LIST OF ArrAKATFS RKOFHvED 


1 Spirit lamp, 4 a/.. ghiH8. 

1 Bunsi'ifH burner, ^ in., and rone. 

‘J Clips, J in. 

(i fiTt india-niblier tuU*, ^ ^ hi. 

2 PilHM'hiy triangles, large. 

4 tV>iiieal Ihinkis 3 oz. 

*J liulia-rubU’r corks, J in., 1 hole. 

*2 India* rubber corka, J in., *2 holes. 

2 lbs. Glass tubing, to ^ in. 

2 feet each india'rul)l)er tulx*, J and in. diameter. 
2 Plain funnels, in., glass. 

1 Packet Rhenish filter paiwm, 18^ cm., 595. 

4 Royal Berlin porcelain liasins, 4 in. diameter. 

4 Bohemian glass flasks, 8 oz. 

2 NesPs Bohemian glass beakers, Nos. 1 to 4. 



LIST OK APPARATl'S KKgUIRKn 


1 TlicrimmifUr, 200" (V, J in. iliuim tor. 

1 TlH*niio!iu*tor, 220" F., ] in. dumifUr. 

1 <lozi*n Corkn, aiwi<>rU «l. 

1 BruKM T pitrc*, j* in, 

1 pair Iron tone's with U»w, 0 in. 

I <'( union wT, 12 in. 

I Retort Hlainl, In in., ami rlaiiip with an-i h ft Mon w. 
3 lUrkor'M Imlancis, No. rnh 
3 each S<-t8, wrioliiH uml ionvp**. 

1 each Sots, Wfi^^hth, } to 2<‘<> j:iaiiis 
1 Flotolior’s Ar;.ran«i huriiiM, ^ in., fiL' 2‘>1 
I < Iraduati-il n»oa,Huro, lOU oo. 

1 UaromoL r tn)»o. 

1 net (h) ('ork horors 
I oaoli Kilo, nuiiMl ami tnan;:ul:ir, I n . 

I Tripod, ♦) X \ in. 

1 Iron liath with lid. h|MTial. 

2 pio«’fH Win^ P‘iu/ 1 ', ♦> • <> in. 

2 oz, ('op|Kr WHO, No. is. 

3 ll>8. Mori’ury. 

2 Jkj.vwotMi h vor with fuh niin 
I Rt‘t (S) CuU'H of w(mm 1, 2 4’in. 

1 KOt (8) ('uIk‘ 8 of wo<kI, I oni. 

2 tlo/.oii ItoxwtuKl rulo.H, 1 2 in . div idod in mis ami ,Vlhx, 

and in inohos and I'^ths. 

1 dozen SiupjHTod liottloi*, I oz. 

1 not (d) WikhIvii hlo»k supports. 

1 |«iir Hami-U'ilows, small. 

1 Boiird for iinaintin^ luirornoter tids* with hrass hoale, 

4 in., divided in |V>*kf<» 38 to 32 in 

2 dozen Onlinarj’ te.-*t 
2 dozen Hoilinc 

8 Ouliei* of W'^kI, 1 in., fitted in lw>x. 

1 Wet and drj’ bulh therinometer. 

Sea-wee<l. 

2 pinU Sea- water. 

3 Sjjecific grrarity tablet. 
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4 <>lock 4 in. 

1 Heel fino iron wire. 

.‘i N. M. KtopyMircfl ])oltlcv, 2 oz. 
burner. 


McBHrH. Town«<»n anil Mkrcku, of 81) BiHho}iBgatc 
Strw't Witliiii, liondoi), KC., will Kupply the above Hct of 
u|i{mmtUH, complete in a packin^-K^jiM', for i^l 1, and with 
only 2 balauccH and weighte f(»r X8 : 188. 

Extra rulcrft can U' obtained at 1 h. lOd, |K;r dozen. 

Where it in roiihideretl desirable that extra rpiantitiea 
of app:initUH, et<;., should be supplied, they will Ik? charged 
at (hiUdogue price«. 


END i»F PART I 


Prtmftii hf K. ft R. CLAftK, Hjdmhargk 












